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V. — The  Oxalates  of  Bismuth. 


By  Db.  F.  B.  Allan. 
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\S  (Communicated  by  Prof.  W.  Lash  Miller,  and  read  May  19th,   1903.) 

^*  Neutral  oxalate  of  bismuth  Bi2Oz  3  C2Oz  7£  H20  was  prepared  by 

i-  Souchay  and  Lensson  (Ann.  der  Chem.,  105,  245),  by  adding  oxalic  acid 

1  to  a  solution  of  bismuth  oxide  in  nitric  acid.     It  was  also  prepared  by 

Muir  (Jour,  of  the  Chem.  Soc.  1878,  193),  who  gave  it  the  formula 
Bi2Oz  3  C20z  6  H20.  Swartzenburg  (Ann.  der  Chem.  64,  127)  boiled 
bismuth  oxide  with  acid  potassium  oxalate  and  the  product,  dried  at 
100°,  had  the  composition  Bi2Oz  3  C2Oz  4  H20.  If  this  neutral 
oxalate  be  boiled  repeatedly  with  water,  a  basic  salt  is  formed  to  which 
various  formulae  have  been  given  —  Bi2Oz  2  C2Oz  1\  H20  (Heintz, 
Pogg,  Ann.  63,  90)  Bi2Oz  2  C2OzH20  (Souchay  and  Lensson)  and 
Bi2Oz  2  C2Oz  (Muir). 

Owing  to  the  easy  decomposition  of  the  neutral  oxalate  by  water, 
I  have  not  been  able  to  obtain  it  entirely  free  from  basic  salt.  This 
oxalate  was  used  in  a  study  of  the  basic  oxalates  similar  to  the  researches 
by  the  autihor  on  the  nitrates  (Amer.  Ohem.  Jour.,  25,  307),  and 
sulphates  of  bismuth  (Amer.  Chem.  Jour.,  27,  284).  The  salt  was 
Btirred  with  water  and  with  oxalic  acid  solutions  in  a  constant  tem- 
perature bath.  Owing  to  the  length  of  time  required  to  get 
equilibrium  in  monovariant  systems,  only  divariant  systems  containing 
a  gaseous,  a  liquid,  and  one  solid  phase  have  been  obtained. 

Bi2Oz 
At  50°  a  basic  salt,  in  which  -^-^-=3.23,  was  found  to  be  in 

equilibrium  with  oxalic  acid  solutions  up  to  .085  normal  and  in 
stronger  solutions  the  solid  phase  was  the  neutral  salt.  This  basic 
salt  was  air-dried  and  analyzed,  the  bismuth  being  determined  as  the 
sulphide  and  the  oxalic  acid  in  the  filtrate  by  titration  with 
permanganate. 

Calculated  for  , 

BhOs  2  C&HtO  Found. 

BitOt                                74.16  74.14 

CtOt                                22.97  23.00 

UtO                                  2.87  (2.86) 

Miller  and  Kenrick  (Trans.  Royal  Soc.  Canada,  1901),  have  shown 
that  the  number  of  possible  phases  in  a  given  system  is  not  changed 
if  a  new  constituent  be  added  to  the  liquid  phase  provided  that  this 
new  constituent  does  not  pass  into  the  solid  phase.     This  condition  is 
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fulfilled  if  dilute  ammonia  is  stirred  with  Bi2Os  2  C2OJStO  and  there- 
fore  a  divariant  system  still  contains  but  one  solid  phase.  Preliminary 
experiments  showed  that  the  new  basic  salt  obtained  in  this  way  was 
acted  on  by  quite  dilute  ammonia  and  in  order  to  get  this  solid  phase 
in  equilibrium  with  a  larger  range  of  concentrations  of  ammonia,  it 
was  necessary  to  reduce  the  efficiency  of  the  ammonia  in  the  reaction. 
This  can  be  done  by  adding  to  the  solution  any  ammonium  salt,  thus 
decreasing  the  amount  of  ionization  and  as  ammonium  oxalate  is  one 
of  the  products  of  the  reaction  it  is  the  best  salt  for  the  purpose. 

At  75°,  Bi2Ot  2  OtOJS20  was  stirred  with  .028  normal  ammonium 
oxalate  and  ammonia  of  varying  concentrations  and  a  new  basic  salt, 

Si  O 
in  which       a    *  =  9.69,  was  found  to  be  in  equilibrium  with  ammonia 
C2UZ 

solutions  up  to  .115  normal.  This  salt  when  air-dried  had  the  following 
composition : — 


Calculated  for 

8    BiiOt   2   C,0, 

Found 

BhO* 

90.64 

90.42 

c,o, 

9.36 

9.47 

When  Bi2Os  2  C2OJS20  was  stirred  with  stronger  ammonia  or 
potassium  hydroxide,  bismuth  oxide  was  formed  and  there  was  no 
indication  of  the  formation  of  another  basic  oxalate. 

Souchay  and  Lensson  have  described  the  following  double  oxalates 
Bit  (C204)8  T  KtC2Ot  24  H20,  Bi2  (C20^)2  11  K2C20^  24  H20  and 
Bi2  (C204),  15  (NHt)2  C204  24  R20. 

They  dissolved  bismuth  oxalate  in  concentrated  hot  solutions  of 
the  alkaline  oxalates  and  the  double  salts  crystallized  on  cooling  the 
solutions.  Results  obtained  by  stirring  bismuth  oxalate  with  ammonium 
oxalate  and  with  potassium  oxalate  threw  doubt  on  the  existence  of 
these  complex  double  salts  and  Souchay  and  Lensson's  experiments 
have  been  repeated  and  the  salts  obtained  were  analyzed  by  Messrs. 
DeLury  and  Phillips. 

A  4  per  cent  solution  of  ammonium  oxalate  was  boiled  with 
bismuth  oxalate,  using  a  reflux  condensor,  for  half  an  hour,  filtered 
hot,  and  the  microscopic  crystals  formed  on  cooling  were  dried,  under 
pressure,  between  paper.  The  ammonia  was  determined  by  boiling 
with  potash  and  titrating  the  solution  which  distilled  over. 

.  Calculated  for 

Bs  (CtOJt  (HJt  Ct04  8  EtO  Found. 


B%. 

43.93 

44.30 

L\0< 

87.08 

36.85 

NH4 

3.81 

3.78 

HtO 

15.18 

(15.07) 
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The  high  value  found  for  bismuth  and  the  corresponding  low 
values  for  oxalic  acid  and  ammonia  may  be  due  to  imperfect  filtering 
or  to  a  slight  admixture  of  basic  bismuth  oxalate.  This  salt  has  not 
been  previously  described.  ' 

The  preparation  was  then  repeated  using  an  ammonium  oxalate 
solution  saturated  at  25°  and  the  double  salt  obtained  at  50°  gave 
3.85  per  cent  NH+  and  was  identical  with  that  previously  analyzed. 
When  this  solution  was  cooled  to  room  temperature  two  kinds  of 
crystals  were  deposited  which  under  the  microscope  were  identified  as 
this  double  salt  and  aimnonium  oxalate. 

Bismuth  oxalate  was  dissolved  in  a  20  per  cent  solution  of  potas- 
sium oxalate  and  the  double  salt  obtained  consisted  of  small  white 
crystals.  After  the  removal  of  the  bismuth  from  the  solution  of  the 
salt  in  hydrochloric  acid  the  filtrate  was  evaporated  and  ignited  and 
the  potassium  weighed  as  potassium  chloride. 

Calculated  for 
:  Bit   (CtOJt  KtCtOt  9%  BjO  Found. 

Bi  40.90  40.91 

Ct04  34.56  34.54 

K  7.69  7.69 

EtO  16.S1  (16.S6) 

21  per  cent  and  23  per  cent  solutions  of  potassium  oxalate  gave 
the  same  double  salt,  but  the  deposit  from  a  26  per  cent  solution,  at 
50°,  contained  36.1  per  cent  C20A  and  that  from  the  same  solution 
on  cooling  from  50°  to  room  temperature  contained  51.9  per  cent 
C204  and  these  are  probably  mixtures  of  the  double  salt  and  potassium 
oxalate.  Svensson  (B,  3,  314  )has  described  a  double  salt  having  the 
composition  Bi2  (C204)8  Kfifi^  2  H20. 

There  is  no  evidence  of  the  existence  of  the  double  salts  described 
by  Souchay  and  Lensson  and  the  substances  analyzed  by  them  appear 
to  have  been  mixtures. 

In  this  paper  three  new  componds  have  been  described — 3  Bi2Oz 
2  CsO»  Bi2  (Ca04).  (NHJ2  C2Ot  8  H20  and  Bi2  (C204)8  K2C20A  9£ 
H20. 
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THK  ECONOMIC  ADMISSION  OF 

STEAM  TO  WATKR-GAS  PRODUCERS  OF 

THE  LOWE  TYPE. 

BY     O.    W.    MUKKE. 

It  is  the  general  practice  of  water-gas  operator*  to  vary 
the  quantity  of  steam  admitted  according  to  the  conditions 
of  the  producer,  these  conditions  being  : — (1)  Temperature 
in  the  generator  judged  by  the  length  of  the  preceding 
"  blow."  (2)  Depth  of  the  fuel  bed.  (3)  The  question 
ai  to  whether  an  up  or  down  run  is  being  made.  (4)  The 
length  cf  time  that  has  expired  since  cliiikering.  The 
amount  of  steam  admitted  is  judged  by  the  number  of  turns 
given  to  the  valve,  sometimes  checking  the  working  of  the 
steam  lino  by  an  observation  of  the  nozzle  pressure,  taken 
from  a  Bourdon's  gauge  placed  on  the  wall.  The  im- 
portant point  to  which  it  is  desired  to  call  attention  is  that 
in  every  case  the  ft  earn  valve  is  left  open  the  same  amount 
during  the  whole  run. 

If  we  consider  the  reaction  for  the  formation  of  water- 
gas,  viz, — 

C  +  H20  =  CO  +  IL 
1  vol.  1  vol.        1  vol. 

we  have  one  volume  of  steam  welding  two  volumes  of  gas. 
Of  course,  above  1*200  C-  the  reaction  is  complicated  by  the 
fact  that  hydrogen  acts  directly  on  carbon,  forming  Cll4, 
C,H6,  C2IIS,  &c. ;  but,  since  the  percentages  of  these  gases  in 
water  are  small,  we  may,  for  the  purposes  of  the  following 
argument,  leave  them  out  of  consideration.  Of  two  things 
we  are  sure,  viz.:  (1)  the  volume  of  steum  used  should,  at 
corrected  temperature  and  pressure,  he  approximately  one 
half  that  of  the  gas  produced ;  (2)  if  any  uudecuinposed  steam 

Sets  through  the  machine  wc  are  not  running  up  to  the 
ighest  efficiency  ;  for  (a)  it  is  costly  to  produce  the  steam 
in  the  boiler  room  ;  (b)  the  surplus  steam  passing  through 
the  generator  has  to  he  raised  to  the  heat  of  the  coke,  and 
this  heat  is  abstracted  from  the  machine;  («■)  this  steam 
must  again  be  condensed  in  the  condensers,  thus  necessitat- 
ing the  pumping  of  extra  condenser  water;  (<i)  further- 
more, the  following  reaction,  H.X  >  +  CO  =  CO..  +  IT,,  is 
liable  to  be  set  up  in  the  space  above  the  coke,  and  in  "the 
carburetter  and  superheater  settings.  This  reaction  logins 
at  625'  C,  aui  comes  to  an  equilibrium  which  is  in  accord- 
ance with  the  temperature  prevailing  in  the  ina chine. 

The  experiments  which  follow  were  conducted  in   three 
water-gas  machines,  two  of  them  being  thoM-  of  the  I'nitcd 
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Gas  Improvement  Company,  and  the  third  of  the  Western 
Gas  Construction  Company  of  Indiana.  The  length  of 
blow  was  six  minutes,  and  the  length  of  run  eight  minutes. 
Jn  the  first  place  it  was  observed  from  the  scale-board  in 
the  operating  room  that  by  far  the  greater  portion  of  the 
gas  made  during  the  run  was  obtained  in  the  first  three  or 
four  minutes.  A  Jin.  pet-cock  was  then  attached  to  the 
superheater  of  one  of  the  machines,  and  a  "  dry  run  "  was 
made.  A  thin- walled  glass  Leibig  condenser  was  attached 
to  the  pet -cock,  and  it  was  found  possible  to  condense  water 
out  of  the  gas  at  the  latter  part  of  the  eight -minute  period. 
Comparing,  then,  the  gas  produced  and  the  quantity  of 
steam  employed,  Fig.  1  may  be  expected  to  represent  the 
condition  of  affairs. 

In  order  to  accurately  determine  the  amount  of  gas 
produced  at  short  intervals,  and  to  establish  a  curve  on  the 
lines  indicated  above,  various  devices  were  tried,  including 
Pictet's  meter,  but  the  best  results  were  obtained  by  a 
direct  measurement  of  the  rate  from  the  relief  holder.  A 
long  rod,  A  (Fig.  1),  was  suspended  from  the  railing  that 
went  up  and  down  with  the  relief  holder  by  means  of  a 
strap  iron  hook.  At  intervals  of  about  30  cm.,  gimlet 
boles  were  made  in  this  rod.  A  second  rod,  B,  of  the  same 
dimensions  as  the  above  was  made,  and  pointed  at  one  end. 
The  other  end  was  secured  to  a  heavy  wooden  block  placed 
on  the  stone  coping  of  the  gasometer,  and  held  in  place  by 
weights.  A  third  strip,  C,  was  prepared,  with  a  thumb* 
screw  in  one  end,  and  strips  of  heavy  paper  secured  to  it 
by  means  of  tacks.  In  this  way  the  rod  C  could  be 
quickly  fastened  to  A  in  such  a  way  that  the  upper  part 
of  the  strip  of  pajwr  on  C  would  be  level  with  the  bevelled 
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point  of  B.  A  small  hook  was  screwed  in  B  at  the  point 
indicated,  and  a  watch  hung  on  it.  All  the  water-gas  machines 
except  one  were  stopped,  and  the  exhauster  pumping  from 
the  holder  was  also  stopped.  When  the  machine  began  *'  the 
run  "  the  holder  would  begin  to  rise,  and,  every  1 5  minutes, 
marks  were  made  on  the  strip  of  paper  opposite  the  point 
of  B.  The  strips  of  wood  were  sufficiently  thin  to  permit 
of  them  all  being  grasped  in  the  left  hand  at  once,  and  so 
the  above  markings  could  be  quickly  and  accurately  made. 
These  measurements  were  continued  over  several  days  with 
both  "  dry  "  and  "  wet "  runs.  The  best  curves  were 
obtained  on  calm  days,  as  the  slight  movements  of  the 
holder  caused  by  wind  showed  in  the  curves  which  were 
subsequently  plotted.  It  was  also  found  possible  to  obtain 
fairly  good  curves  with  the  exhauster  running  by  having 
the  engineer  maintain  it  at  a  constant  rate,  and  by  noting 
the  rate  from  a  slip  of  paper  both  before  and  after  "  the 
ran."  Very  accurate  measurements  were  taken  of  the 
capacity  of  the  holders,  and  a  table  prepared  for  conveni- 
ence in  calculation.  The  distances  between  the  marks  on 
the  strip  of  paper  were  transferred  to  a  finely-divided  rule 
with  dividers,  thus  giving  the  number  of  inches  between  the 
markings,  and  by  consulting  the  table  this  was  readily 
transferred  to  cubic  feet  of  gas  produced  per  1 5  seconds. 
In  the  curves  produced  we  have  nearly  one  minute  con- 
sumed in  reaching  the  maximum  rate  of  output.  This  is 
accounted  for  by  the  following  facts: — (1)  The  initial 
fraction  is  cooled  below  its  average  temperature  on  entering 
the  condenser.  (2)  In  the  case  of  a  wet  run  a  certain 
amount  of  time  is  used  up  in  admitting  the  oil,  the  inflow  of 
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which  gradually  rises  to  a  maximum.  (8)  The  mains  and 
the  ga«  already  in  the  bolder  is  further  removed  from  tha 
temperature  of  the  first  fraction  of  the  gas  than  from  that 
formed  iu  the  succeeding  part  of  the  run.  For  these 
reasons  the  true  curve  of  make  conditioned  by  Ihe  internal 
state  of  the  generator  should,  without  douht,  be  parallel  to 
the  time  axis.  This  fact  would  tend  to  increase  the  output 
of  the  first  three  minutes  above  tbut  shown  in  the  curves 
actually  obtained,  Slid,  ipsa  cau.in,  decrease  the  output  of 
the  latter  part  of  the  run.  This  would  be  nn  added 
argument  for  the  method  of  operating  proposed  later  on. 

From  the  curves  shown  it  is  apparent  that  the  curve  fulls 
off  enormously  between  the  third  and  fifth  minute  in  every 


THE  SOCIETY  OF  CHEMICAL  INDUSTRY.  5 

case,  which  is  about  the  time  that  the  oil  is  cut  off  io  the 
production  of  a  gas  of  from  18  to  25  c.p.  It  would  seem 
to  be  weli,  then,  to  cut  the  steam  supply  down  to  one  half 
directly  after  cutting  off  the  oil  supply.  This  would  be  in 
accord  with  the  convenience  of  the  men  in  operating  the 
machines.  Furthermore,  it  would  be  approximately  correct, 
and  would  allow  the  machine  to  have  its  full  capacity  during 
the  beginning  of  the  run,  thus  securing  the  maximum  daily 
output.  This  being  settled  upon,  it  becomes  of  importance 
to  know  just  how  much  steam  passes  the  inlet  valve,  and 
how  much  it  is  necessary  to  close  the  valve  to  cut  that 
supply  down  to  one  half.  A  scries  of  experiments  were 
done  on  globe  valves  to  determine  the  above,  and  it  was 
established  beyond  a  doubt  that  no  simple  relation  exists 
between  the  number  of  turns  a  globe  valve  is  opened  and 
the  amount  of  steam  which  passes  in  a  given  time.  Some 
better  control  of  the  steam  is  evidently  necessary.  This  is 
to  be  found  in  the  nozzle  pressure  appliances  which  are 
attached  to  most  water-gas  machines.  Kan  kin,  after  a 
consideration  of  Napier's  work  on  the  subject,  gives  the 
following  empirical  formula  for  the  amount  of  saturated 
steam  escaping  from  a  chamber  where  the  pressure  is  p, 
through  a  short  pipe  and  nozzle  into  a  space  where  the 
pressure  is  pa : — 

(1)  Where  p  =  or  >  $/>a,  u>  =  Z*- 

(2)  Where,  <  J  Pa,  »  =  •»'  ('  J-"-')*' 

In  the  above  formula  w  =  the  number  of  pounds  of 
steam  delivered  per  second,  and  a  is  the  area  of  the  orifice 
in  square  inches.  In  water-gas  practice  conditions  are 
somewhat  different  from  the  experiments  on  which  the 
above  formulas  were  established,  insomuch  as  we  have  a 
long  (team  line,  and  take  the  nozzle  pressure,  not  from  the 
boiler,  but  between  the  steam  valve  and  the  nozzle,  at  a 
point  past  which  the  steam  is  moving  rapidly.  If  we  apply 
the  above  formula,  taking  p  as  the  indicated  nozzle  pressure, 
then  p  ■»  SO  to  40  lb.  per  square  inch,  while  pa  is 
measured  in  a  few  inches  water  pressure,  and  the  first 
formula  applies ;  from  which  it  follows  that  the  amount  of 
steam  delivered  in  a  given  time  varies  directly  with  the 
nozzle  pressure,  and  also  directly  with  the  area  of  the 
orifice.  A  series  of  experiments  testing  the  accuracy  of 
the  above  formula  under  water-gas  conditions  would  be 
interesting. 

Conclusions.—  From  actual  experiments  carried  out, 
extending  over  more  than  a  month,  in  which  the  nozzle 
pressure  was  cut  down  by  one  half  after  the  fourth  minute, 
a  considerable  saving  in  coke  was  effected,  and  the  compo- 
sition of  the  gas  was  in  a  measure  modified  also,  its  carbo- 
dioxide  contents  being  lowered.  Under  this  system  of 
working  the  gas  and  steam  curves  would  resemble  l<ig.  5, 
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though  n  curve  of  this  kind  was  not  actually  token  from 
the  machines.     The  above  remarks   apply  when  gas-coke 


is  used  in  the  generator*;  modification!!  may  be  expected 
in  the  case  where  anthracite  coal  ii  employed.  From  the 
curvet  just  after  clinkering,  it  ia  apparent  that  the 
machine'*  capacity  could  be  increased  hj  dividing  the 
blow  into  three  periods,  and  cutting  the  steam  down  to 
one-third  etch  time.  It  being  possible,  therefore,  to 
approximately  regulate  the  amount  of  steam  admitted 
during  the  run  iu  accordance  with  the  curves  obtained,  the 
yield  of  gas  is  increased,  and  the  machine  can  be  run  up  to 
its  highest  efficiency  owing  to  the  fact  that  the  conditions 
causing  imperfect  working,  indicated  under  (it;,  (i),  &c, 

The  author  wishes  to  acknowledge  his  indebtedness  to 
Prof.  W.  R.  Lang,  of  the  University  of  Toronto,  for  the 
advice  and  assistance  rendered  in  collating  his  experimental 


THE  RATE  OF  FORMATION  OF  IODATES  IN  ALKA 

LINE  SOLUTIONS  OF  IODINE 


BY  E.  L.  C.  FORSTER 

Up  to  the  year  1861,  in  which  Schonbein's  "  Beitrage  zur 
nahern  Kenntniss  des  Sauerstoffs  und  dereinfachen  Salzbildner" ' 
appeared,  it  was  generally  believed  that  iodine  and  caustic 
potash  in  solution  react  instantaneously  to  form  potassium 
iodate.  Schonbein  showed  that  the  reaction  takes  place  in  two 
ostges,  and,  relying  on  the  close  analogy  between  the  chemical 
behaviour  of  iodine  and  chlorine,  assumed  that  the  intermediate 
product  was  potassium  hypoiodite. 

With  regard  to  the  first  stage — formation  of  hypoiodite  — 
his  experiments  show  that  the  reaction  is  incomplete  and  rever- 
aible,  leading  to  an  equilibrium  between  potash,  iodine,  iodide 
and  hypoiodite ;  with  regard  to  the  second  —  formation  of 
iodate  —  which  differs  from  the  first  in  requiring  a  measurable 
time  for  its  completion,  Schonbein  says  little,  merely  pointing 
sut  that  rise  in  temperature  increases  the  rate. 

In  1894  there  appeared  a  paper  by  Lonnes8  containing 
measurements  of  the  amount  of  iodate  formed  in  solutions  of  iodine 
and  sodium  carbonate  at  measured  intervals  of  time,  which 
show  that  the  rate  of  the  reaction  is  influenced  by  the  concen- 
trations of  the  iodide  and  of  the  alkali ;  and  in  the  following 
year  Schwicker3 —  in  the  only  formal  study  of  the  "rate  of 
transformation  of  potassium  hypoiodite"  that  has  as  yet  ap- 
peared —  found  that  the  rate  was  proportional  to  the  square  of 
the  concentration  of  the  "  iodine,"  and  that  increase  in  the  quan- 
tity of  potash  caused  a  retardation  almost  proportional  to  the 
excess  of  KOH  over  that  needed  to  form  hypoiodite.  In  a  few 
experiments  in  which  the  iodine  was  present  in  slight  excess, 

^our.  fur  prakt.  Chem.  84,  385  (1861). 
1  Zeit.  anal.  Chem.  33,  409  (1894). 
■Zcit.  phys.  Chem.  16,  303  (1895). 
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the  rate  was  thought  to  be  proportional  to  the  cube  of  the  con- 
centration of  the  iodine ;  no  account  was  taken  of  the  influence 
of  the  potassium  iodide. 

In  the  opinion  of  Taylor,1  Schwicker's  results  "  do  not  ap- 
pear to  have  been  altogether  satisfactory ;"  this  he  ascribes  to 
that  author's  neglect  of  the  effect  due  to  the  potassium  iodide  in 
his  "  iodine  "  solution.  That  the  rate  is  in  reality  largely  de- 
pendent on  the  concentration  of  the  iodide,  was  again  shown  by 
Forster  and  Gyr9  in  a  paper  on  uthe  action  of  iodine  on  alkalis," 
published  in  January  of  the  present  year. 

In  the  experiments  described  in  the  present  paper,  I  have 
examined  the  effect  of  changing  the  quantities  of  potash,  iodine, 
and  potassium  iodide,  on  the  rate  of  formation  of  potassium 
iodate  in  alkaline  solutions  of  iodine.  When  the  potash  is 
present  in  large  excess  —  colourless  solutions  —  the  results  are 
sijnple,  and  can  be  expressed  with  a  fair  degree  of  accuracy  by 
saying  that  the  rate  is  proportional  to  the  concentration  of  the 

iodion  /,  the  hypoiodion  OI,  and  the  hypoiodous  acid  HOL  In 
brown  solutions,  on  the  other  hand,  where  the  iodine  is  in  ex- 
cess, the  relations  are  more  complex ;  and,  until  the  numerical 
values  of  certain  constants  have  been  determined,  it  cannot  be 
asserted  that  the  laws  suggested  by  the  experiments  with  colour- 
less solutions  are  valid  for  all. 

My  measurements  show  that  Forster's  equation 

KOI+  2H0I=  KIO,  +  2HI, 

which  in  that  author's  opinion  "  corresponds  in  all  details " 
with  the  reaction  itself,  must  be  rejected  equally  with  the  older 
theory  adopted  by  Schwicker  and  others 

3KOI=KIO%  +  2KI, 

and  that  in  all  probability  it  must  be  replaced  by  some  equation 
of  which  the  left  member  is 

(?JfsO+)d/+/fOf+ft 


1  Chem.  News,  76,  17  (1897). 

*  Zeit.  Elektrochemie,  9,  1  (1903). 


Rate  of  Formation  of  Iodates  3 

and  of  which  the  right  can  be  filled  in,  for  the  present,  only  by 
a  draft  on  the  imagination. 

I.  Colourless  Solutions 

The  solution  of  potash  was  mixed  with  the  water  in  a  400 
cc  Erlenmeyer  flask  and  brought  to  zero  by  immersion  in  a 
well-stirred  bath  of  ice  and  water;  the  mixed  solutions  of 
iodine  and  potassium  iodide,  also  at  zero,  were  then  quickly 
poured  in,  the  whole  well  shaken  and  the  time  noted. 
After  two  minutes  the  first  analysis  was  made ;  10  cc 
was  pipetted  into  a  mixture  of  50  cc  water  with  20  cc  of 
a  half-saturated  solution  of  ammonium  bicarbonate,  by  which 
further  formation  of  iodate  was  prevented,  and  the  residual 
"  iodine "  (hypoiodite)  was  then  determined  by  njioo  sodium 
arsenite  with  starch  as  indicator,  0.5  cc  FX-KI  being  added  to 
make  the  end-point  distinct ;  njioo  iodine  was  used  to  "  titrate 
back  ",  and  a  correction  of  o.  1  cc  was  applied  to  the  reading, 
being  the  amount  of  iodine  needed  to  give  the  blue  colour. 

The  stock  solutions  used  in  all  the  experiments  described 
in  this  paper,  with  the  exception  of  those  of  Tables  XIII  and 
XIV  were  :  1.092-normal  potash,  freed  from  carbonate  by  lime, 
1. 151-i7  potassium  iodide,  and  0.0936-normal  iodine,  the  latter 
being  prepared  by  dissolving  about  12.7  grams  of  iodine  in 
100  cc  of  the  1.151-^  AY  and  diluting  to  a  liter.  They  were 
standardized  in  the  usual  manner,  with  sulphuric  acid,  silver, 
and  sublimed  iodine  respectively.  The  volumetric  solution  of 
sodium  arsenite  was  0.01025-normal  (against  iodine)  and  the 
thiosulphate  was  0.0104-normal  (against  the  arsenite). 

The  potassium  iodide  employed  contained  small  quantities 
of  potassium  iodate  and  potassium  carbonate ;  these  were  re- 
moved by  acidifying  with  sulphuric  acid,  boiling  to  expel  CO^ 
adding  sodium  thiosulphate  until  the  solution  just  gave  no  blue 
with  starch,  apd  finally  neutralizing  with  caustic  potash  freed 
from  carbonate  by  lime.  The  water  used  in  making  up  the  re- 
acting mixtures  was  freed  from  COa  by  boiling  for  fifteen 
minutes,  and  was  protected  by  soda  lime. 

1  One  formula-weight  in  grams  per  liter. 
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The  pipettes  were  calibrated  by  weighing  the  distilled  water 
discharged  ;  30  seconds  being  allowed  for  draining. 

At  the  head  of  each  table  is  given  the  volume  of  each  of 
these  stock  solutions  employed.  Under  0  is  entered  the  time  in 
minutes  reckoned  from  the  first  analysis  (for  which  0  =  o) ; 
under  As,  the  number  of  cc  of  the  volumetric  arsenite  solution 
required  to  remove  the  iodine  in  10  cc  of  the  reacting  mixture, 
and  under  A"2  X  ioA  the  value  of  io+{i\As  —  W^-0  X  i\0. 

Adopting  Schonbein's  assumption,  that  when  iodine  is  dis- 
solved in  a  solution  of  potash,  potassium  hypoiodite  is  formed, 

the  quantities  of  the  constituents  OH,  /,  and  01  may  be  deter- 
mined by  means  of  the  equation 

2OH+ />  =  /() +  2}+ HtO} 

the  quantity  of  /  in  colourless  solutions  obviously  being  zero. 

Let  A,  B,  and  C  represent  the  numbers  of  gram-molecules 
of  KOH,  KI,  and  AY  before  mixing,  multiplied  in  each  case 
by  io5.     Thus  for  example,  in  Expt.  1  : 

50  cc  potash  :  A  =  io6  X  0.050  X  1.092  =  5460 
20  cc  iodine  :  In  making  this  up  there  was  used 

io5  X  0.020  X  0.1151  units  of  potassium  iodide,  of  which 
io6  X  0.020  X  0.0936  X  0.5  =  93.6  =  C  was  converted  into 

AYS.  leaving 
io6  X  0.020  X  0.0683  =  x36-6  AY 
20  cc  iodide  :    containing    io5  X  0.020  X  1.151  =  2302   AY,  to 

which  must  be  added  136.6  in  the  iodine  solution, 
giving  2439  "=  B, 

Then  after  mixing,  when  all  the  triiodion,  /,  has  been  con- 
verted into  hypoiodion,  01,  but  before  the  formation  of  iodate 
has  commenced, 

the  OH  present  =  A  —  2C  =  5560  —  187  —  5273 
7        "         =.ff+*C=  2439 +  187  =  2626 
01       "         =C  =94.6 

In  the  calculation  it  has  been  assumed  that,  owing  to  the 
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large  excess  of  potash,  the  concentration  of  the  HOI  might  be 

neglected  in  comparison  with  that  of  the  01  ions. 

In  addition  to  the  experiments  recorded  in  the  tables, 
others  were  carried  out  which  showed  that  the  presence  of  a 
Small  quantity  of  potassium  iodate  (one  gram  in  100  cc)  has  no 
effect  on  the  rate,  and  that  the  possible  absorption  of  carbonic 
acid  from  the  air  during  the  progress  of  an  experiment  was  like- 
wise without  influence  on  the  result.  In  a  few  measurements 
the  reacting  mixture  was  exposed  to  direct  sunlight ;  the  same 
figures  were  obtained  as  in  duplicates  made  in  the  diffuse  light 
of  the  laboratory. 

In  Table  VI,  the  initial  compositions  of  the  solutions  in  the 

experiments  of  Tables  I  to  V  are  given  in  the  terms  of  OH,  /, 

and  fOy  together  with  the  average  values  of  A^.  The  initial 
rate,  J?o,  is  obtained  by  multiplying  A*a  into  the  square  of  the 
initial  concentration  of  the  hypoiodion, 

J?Q  =  dxid6(x  =  0)=  K2C. 

From  the  constancy  of  K2  in  each  of  the  Tables  I-V,  it  is 
apparent  that  the  rate  is  proportional  to  the  square  of  the  con- 
centration of  the  OI\  this  conclusion  is  confirmed  (within  10 
percent)  by  comparison  of  Tables  I  and  II  (see  also  Table  VI). 


Table  I. 
Potash,  50  cc  ;  Iodide,  20  cc  ;  Iodine,  20  cc  ;  Volume,  200  cc 


e 

As 

1 

| 

0 

9.06 

1 

1 

——— 

3 

8.52 

l 

23.3 

10 

7-54 

22.2 

15 

7.24 

25.1 

19 

6.40 

24.I 

22 

J 

5-99 

Av. 

25.6 
24.I 
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Table  II. 
Potash,  50  cc  ;  Iodide,  20  cc  ;  Iodine,  40  cc  ;  Volume,  200 cc 


0 

As 

K,  X  104 

0 

17.25 

—— 

4 

14.70 

25.1 

9 

II.77 

29.9 

13 

IO.06 

3'-8 

17 

8.68 

33.6 

22 

7-53 

34-0 

27 

7.27 

29.4 
Av.  30.6 

Table  III. 
Potash,  100  cc  ;  Iodide,  20  cc  ;  Iodine,  20  cc  ;  Volume,  200  cc 


e 

As 

K2  X  10* 

0 

* 

8.75 

4 

8-37 

13.2 

8 

8.18 

10.0 

12 

7.62 

14. 1 

16 

7.60 

10.9 

20 

7.09 

13.4 

24 

6.93 

13.9 

Av.  12.5 

Table  IV. 
Potash,  25  cc  ;  Iodide,  20  cc  ;  Iodine,  20  cc  ;  Volume,  200  cc 


0 

As 

Ka  X  104 

0 

9.09 

4 

7.95 

39-5 

8 

6.80 

46.2 

18 

5.o8 

48.0 

22 

4.50 

55-o 

26 

4.00 

53-8 
Av.  48.5 
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Tablr  V. 
Potash,  50  cc  ;  Iodide,  10  cc ;  Iodine,  20  cc  ;  Volume,  200  cc 


e 

As 

K,  X  104 

0 

8.95 

—— . 

6 

8.48 

IO.3 

9 

8.27 

I0.2 

13 

7.88 

11. 6 

17 

7.25 

15-4 
Av.  1 1.8 

Table  VI. 


Table 

OH 

I 

OI 

Ka  X 10* 

Ro 

K1  X  io4 

1 

5273 

2626 

93-6 

24.1 

21. 1 

47 

2 

5086 

3050 

187.2 

30-6 

107.3 

51 

3 

10733 

2626 

93-6 

I2-5 

11.0 

50 

4 

'  2543 

2626 

93.6 

48.5 

42.5 

46 

5 

5273 

1475 

93.6 

11.9 

10.4 

43 

Further  comparison  of  the  experiments,  which  is  facilitated  by 
the  summary  given  in  Table  VI,  shows  that  within  the  same 
limits  (8  to  10  percent)  the  rate  is  directly  proportional  to  the 

concentration  of  the  /,  and  inversely  to  that  of  the  OH     Since 

+  — 

the  product  of  H  and  OH  concentrations  is  constant,  and  since 

the  concentration  of  the  HOI  is  proportional  to  the  product  of 

those  of  Hand  OI,  this  is  equivalent  to  saying  that  the  rate  is 

proportional  to  the  concentrations  of  OI>  /,  and  HOI 

II.  Brown  Solutions 

In  presence  of  a  large  excess  of  iodine,  the  plan  of  analysis 
described  on  page  642  would  give  very  inaccurate  results;  it 
was  therefore  abandoned  in  favor  of  a  direct  determination  of 
the  iodate  formed,  according  to  the  following  method. 

The  iodine  and  hypoiodite  were  destroyed  and  the  reaction 
stopped  by  pouring  in  a  slight  excess  of  fifth-normal  sodium  ar- 
senite.  The  contents  of  the  flask  were  then  emptied  into  a 
beaker,  100  cc  of  water  added,  and  then  a  measured  quantity  of 

lIU>X(OH):r    KX  (I)  X  (OI)8 
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hydrochloric  acid  diluted  with  ioo  cc  of  water ;  the  iodine 
which  was  thereupon  liberated  from  the  iodate  was  determined 
by  sodium  thiosulphate.  Under  x  in  the  tables  of  this 
section  is  entered  the  number  cc  of  0.0104-;*  thiosulphate 
needed,  and  under  0  the  interval  in  minutes  between  mix- 
ing the  reagents  and  adding  the  arsenite.  By  working 
quickly,  using  as  little  arsenite  as  possible,  and  adding  in 
each  case  a  definite  excess  (5  cc  of  2-n  HC1)  of  hydrochloric 
acid  over  that  needed  to  neutralize  the  potash  in  the  reacting 
mixture  and  the  sodium  bicarbonate  in  the  arsenite  solution,  it 
was  found  possible  to  determine  the  iodate  before  any  iodine  was 
liberated  by  arsenic  acid.  It  would  have  been  better  to  remove 
the  excess  of  arsenite  before  acidifying,  but  blank  experi- 
ments show  that  the  error  arising  from  its  presence  is  small. 

Aperies  of  experiments  analogous  to  those  of  Tables  I-V 
were  first  carried  out,  but  as  no  "  constant "  could  be  found,  re- 
course was  had  to  the  "method  of  constant  rates,"*  the  solutions 
being  so  made  up  that  the  changes  in  concentration  during 
the  progress  of  an  experiment  were  almost  negligible.  In  Tables 
VII-XII  the  rates  (R)  were  obtained  by  dividing  x  (which  is 
proportional  to  the  amount  of  iodate  formed)  by  the  duration  of 
the  reaction  in  minutes.  Duplicate  experiments  showed  that 
the  value  of  R  so  obtained  was  rather  greater  when  6  was  3  or  4 
minutes  than  when  it  was  one  ;  this  suggests  that  the  forma- 
tion of  hypoiodite  may  require  an  appreciable  interval  of  time 
for  its  completion,  but  I  have  not  examined  the  matter  further. 

Table  VII. 
Potash  varies  ;  Iodide,  20  cc  ;  Iodine,  20  cc ;  Volume,  200  cc 


KOH 

Color 

0 

R 

I 

Brown 

2 

2.1 

2 

Brown 

1 

"•3 

5 

Light  brown 

1 

8.7 

10 

Green  yellow 

1 

4.2 

15 

Light  green 

2 

2.9 

20 

<  <         <  t 

4 

2.1 

25 

<<         <  < 

5 

1.6 

1  See  Bray,  Jour.  Phys.  Chem.  7,  92  (1903). 
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Table  VIII. 
Potash  varies  ;  Iodide,  40  cc ;  Iodine,  20  cc  ;  Volume,  200  cc 


KOH 

Color 

0 

R 

2 

Brown 

4.2 

5 

Yellow  brown 

II. I 

10 

Yellow  green 

A 

9-3 

15 

Green  yellow 

6.0 

20 

«<         << 

3.8 

25 

It                  n 

3 

3.4 

Table  IX. 
Potash  varies ;  Iodide,  60  cc  ;  Iodine,  20  cc  ;  Volume,  200  cc 


KOH 

Color 

0 

R 

2 

5 
10 

15 
20 

25 

Brown 

<  < 

<  < 

Yellow  brown 
Yellow  green 
Green  yellow 

4 

1-9 
8.4 

11. 6 

10.7 

6.4 

5.o 

Table  X. 
Potash  varies  ;  Iodide,  20  cc ;  Iodine,  40  cc  ;  Volume,  200  cc 


KOH 

— 1 

0 

X 

R 

I 

2 

10.6 

5-3 

2 

1 

22.9 

22.9 

3 

1 

44.1 

44.1 

Table  XI. 
Potash  varies  ;   Iodide,  40  cc  ;   Iodine,  40  cc  ;  Volume,  200  cc 


KOH 

ft 

0 

X 

R 

I 

2 

3.3 

1.6 

2 

I 

9.6 

9.6 

3             1 

I 

23.1 

23.1 
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Table  XII. 
Iodide,  60  cc  ;  Iodine,  40  cc  ;  Volume,  200  cc 

KOH 

a 

* 

R 

I 

2 

3 

3 
t 

2.2 

4-5 
12.3 

»-7 
4-5 
12.3 

From  Tables  VII-XII  it  appears  that,  in  presence  of  a 
large  excess  of  iodine,  the  rate  of  formation  of  iodate  is  increased 
by  increasing  the  concentration  of  the  iodine  or  of  the  potash, 
and  decreased  by  increasing  that  of  the  iodide — the  effect  in 
the  last  two  cases  being  the  opposite  of  that  produced  when  the 
potash  is  in  excess.  The  existence  of  maximum  rates,  which  is 
necessitated  by  this  circumstance,  is  well  shown  by  the  curves. 


Tablet  7,  8,  and  9 
It  would  be  interesting  to  know  whether  in  the  experiments 
of  this  section,  as  in  those  with  colorless  solutions,  the  rate  is 
even  roughly  proportional  to  the  concentrations  of  Of,  /,  and  HOI\ 
in  brown  solutions,  however,  where  only  part  of  the  iodine  is 
converted  into  hypoiodites,  it  is  not  easy  to  determine  the 
amounts  of  these  three  constituents. 

Assuming  the  chemical  equations :  — 
+        — 
H  +  OH*Z.HtO 

h+  orz  hoi 

OH  +  It~HOI+sI, 


Rate  of  Formation  of  Iodates  1 1 

and  the  corresponding  conditions  of  equilibrium  :  — 

(H)(OH)=W 
(H)  (01)  =  D(HOI) 

(OH)(I,)^E(HOI)(I)\ 

(where  the  symbols  in  brackets  signify  the  amounts  of  the  re- 
agents in  a  fixed  volume  of  solution,  and  IV,  Z>,  and  E  are  con- 
stants) and  representing  the  initial  quantities  of  potash,  iodide, 
and  iodine  by  A,  B,  and  C  as  before,  the  following  equations 

Wy  =  Dz(A  —  2y  —  z) 
(A—2y  —  z)  (C—y—z)  =  Ez(B  +  2y  +  2z)\ 

determining  y,  the  concentration  of  the  01  ions,  and  z  that  of 

undissociated  HOI  (before  the  formation  of  10  has  begun)  may 
be  obtained.  These  equations  may  be  solved  for  y  and  j,  and 
the  results  substituted  in  the  expression  for  the  rate  of  formation 
of  iodate, 

R  =  Kyz(B  +  2y  +  2z), 

but  without  knowledge  of  the  numerical  values  of  D  and  E  the 
relation  so  obtained  cannot  be  compared  directly  with  the  ex- 
periments. I  hope  to  determine  these  constants  during  the 
present  winter ;  in  the  meantime  the  experiments  of  this  section, 
though  perhaps  not  so  accurate  as  those  in  which  the  potash 
was  in  excess,  and  not  leading  to  such  simple  results,  serve  to 
show  how  much  the  brown  solutions  differ  from  the  colourless 
in  respect  to  the  influence  exerted  by  the  amounts  of  iodide  and 
of  potash  on  the  rate  of  formation  of  potassium  iodide. 

Temperature  Coefficient 

A  few  experiments  were  undertaken  at  30.30  in  order  to 
test  the  influence  of  the  temperature  on  the  rate  ;  those  with  the 
colourless  solutions  are  given  in  Table  XIII,  and  those  with 
brown  solutions  in  Table  XIV.  In  neither  case  is  the  temper- 
ature coefficient  as  great  as  usual,  but  as  in  all  probability  the 
dissociation  of  HOI  and  the  equilibrium  constant  E  (see  above) 
change   with    the    temperature,    abnormal    results  are  not  to 


12 
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be  wondered  at.  The  experiments  of  Table  XIII  were  carried 
out  with  solutions  of  potassium  iodide  that  had  not  been  freed 
from  carbonate,  and  are  therefore  not  directly  comparable  with 
the  other  experiments  of  this  paper. 

Table  XIII.  (Colourless) 

Potash,  25  cc  (0.929-rc);  Iodide,  20  cc  (0.956-/^);  Iodine  20  cc 

(o.o89-»);  As(o.oioi-/j)  Volume,  20©  cc 


0 

As(o°) 

Ka  X  io^o0) 

As(30.4°) 

K,Xio4(30.4°) 

0 

— 

— 

6.28 

457-0 

7 

6.78 

45-0 

2.32 

396.8 

10 

6.32 

40.6     ! 

1.68 

437.9 

14 

5.56 

44.3 

— — 

— 

20 

4.80 

45.1 

Av.  43.7 

Av.  431. 

Table  XIV.  (Brown) 
Potash,  i.occ;  Iodide,  20  cc;  Iodine,  20  cc ;  Volume,  200  cc 


R(3o.3°) 


32.3  32.3 

Summary 

In  the  presence  of  a  large  excess  of  potash,  the  rate  of  forma- 
tion of  potassium  iodate  is,  approximately,  proportional  to  the 

concentrations  of  Ofy  /,  and  HOI. 

In  presence  of  a  large  excess  of  iodine,  the  rate  is  increased 
by  increasing  the  amount  of  potash  or  iodine,  and  decreased  by 
adding  to  that  of  the  potassium  iodide. 

On  continually  increasing  the  amount  of  potash,  so  that  the 
solution  changes  from  brown  to  colourless,  the  rate  passes 
through  a  maximum. 

The  temperature  coefficient  is  smaller  than  is  customary. 

My  thanks  are  due  to  Prof.  W.  Lash  Miller,  at  whose  sug- 
gestion this  investigation  was  undertaken,  and  under  whose 
supervision  it  has  been  carried  out. 

University  of  Toronto ', 
October,  ipoj. 
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i-x 


Owing  to  defective  type,  some  figures  in  the  following  decimals 
are  not  distinct. 


"     87,     ■ 

14  .379,  fifth            4< 

.986    305    6l6 

"     89,     ' 

'•  .457.  fifth 

.977    326    592 

"     89,     ■ 

"  .486,  fifth 

.973  302  994 

"     89,     ' 

4  .494,  first            " 

.668  065  730 

44     91,     ' 

1  .555.  fourth        " 

.892  682  366 

"     93.     ( 

14  .676,  second       " 

.391  304  134 

M    95. 

'4  .793,  first 

.256  039  989 

"  107, 

14  1.23,  .237  636  242 

ERRATA 

Page  73  and  74,  Eqns.  6,  7,  8,  9,  for  K  read  K  ^-a 


i* 


<4 


OB 

80,  footline,  far  i^dx  read  [Cldx 


80.  *=.ooi,  third  integral  y&r  .999  000  500  read  0.999  o00  5°° 
44    80,  ar=.ooi,  fourth     "  "    .999  9Q9  500     "    0.999  999  500 

44  ioo,  ^=1.31,  fourth     44  44   .632  284  330    4I      .623  284  330 

44  106,  ^=.910,  for  .442  334  314  read  .442  334  312 


Sktion  III.,  1908  [  73  ]  Trans.  R.  S.  C. 


X. — Numerical  values  of  certain  functions  involving  e~*. 
By  W.  Lash  Miller,  Ph.D.,  and  T.  R.  Rosebrugh,  M.A. 

(Read  May  19,  1903.) 

* 

In  dealing  with  certain  problems  of  Chemical  Kinetics,1  equations  of 

the  form 

dz 
k  du  =  (A  _  zy  (£  _  r)/3  (p  —  zy...  (1) 

are  commonly  met  with.  The  tables  published  herewith  were  first  com- 
puted (to  a  less  number  of  decimal  places)  in  order  to  furnish  a  ready 
means  of  integrating  them. 

In  Equation  (1),  Ay  B,  C,  .  .  are  positive  constants,  arranged  in 
order  of  magnitude,  A  being  the  smallest ;  a,  /3,  y,  .  .  are  any  real  quan- 
tities; and  z  may  range  from  0  to  any  value  less  than  A. 

In  Equation  (1)  making  the  substitution 

'  Ay  =  A  —  z,  (2) 

there  follows 

Kdu  = =^ 

ya  (i  +  *>yf  (i  +  cyy . .  (3) 

in  which 

K=  *  A*"1  (B  —  A)?  (C—A)r.  .. 
Equation  (3)  may  bo  written 

Kdu=^-  .  rw  + 'if1 -•*• +  «**-•••  (4) 

ya 

where?  =2/3b,  r  =  \20b\  s  =  $  20  b*,  t  =  ±  2  0  b4. 

If  6,  c,  .  .  ,  are  small  (y  being  obviously  less  than  unity),  the  series 
in  the  exponent  of  e  converges  rapidly,  and  Equation  (4)  may  be 
(appi  oximately)  replaced  by 

Kdu  =  -=-Q  .  e-*y  (1  +  rtf  +  £  ry  -  sy*  +  ttf)  (5) 

Writing  x  for  qy  and  integrating  (with  the  lower  limit  u  =  0,  z  =  0) 
Xu=z 

—ft**?*  dx  -  -%fe-xx*~"  dx+  \ferxx*-«dx— ±p-fe-*x*~«dx(6) 

1  The  subject  is  more  fully  discussed  in  a  paper  which  will  shortly  be  published 
under  the  title :  T.  R.  Rosebrugh  and  W.  Lash  Miller— A  convenient  integral  form 
of  the  Equations  of  Chemical  Kinetics. 
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The  cases  Where  a  =  0,  a  =  1,  and  a  =  2,  are  of  particular  importance 
in  the  class  of  problems  already  referred  to.  Introducing  these  values 
Equation  (6)  becomes1 

a  =  0,  JTw  =  —fe~xdx  —  -Je~x  x*  dx  (7) 

a  =  1,  Ku  =  -ff  dx  -  Lfe~*x  dx  +  ±fe"  x>dx  (8) 

a  =  2,Ku  =  -f£*dx-ftfe-*dx+  ^xxdx 

-  ±^l2fe~X  *  dx  (9) 

and  by  means  of  tables  of  these  integrals  computations  can  be  carried  out 
with  much  less  labour  than  if  the  method  of  integration  by  partial  fractions 
— assuming  its  applicability — were  employed.  This  is  particularly  the 
case  when  the  factors  in  Equation  (1)  are  numerous,  or  the  exponents 
large. 

The  most  general  form  of  Equation  (1)  may  be  written 

Kdu  = 
=^/ 

Va  0  +  M  +  W  +  Wif  +  •  •  -f  0  +  y2V  +  h#>  +  mtf  +  .  .  .)r  .  . 
from  which  the  following  values  of  q}  r,  $  .  .  .  .  may  be  found 

q=2flg;  r  =  h2/39*-2/3h;  s  =  J  2/fy»  -  Sfigh+  2/3m 

As  /?,  y  .  .  .  may  be  negative,  this  form  includes  the  cases  where 
factors  are  contained  in  the  numerator  as  well  as  in  the  denominator. 
When  the  indices  are  fractional,  the  method  here  described  affords  a 
means  of  integration  where  others  fail ;  it  is,  however,  as  already  stated, 

1  If  ex  be  substituted  for  c"z,  the  sign  of  the  variable  limit  must  be  reversed,  and 
that  of  the  integral  may  be  affected.    Thus : 


J    -r»  J 


-x  «*  i  ** 


**dx 


f*L.dx      =      fH 

J_    x  J    X 


r'dx 


-x  x 

ffdx  =    -f 

-X  X 

—00  qo 


r*  dx 


J  e*  xdx     =       J  e~xx  dx 


«*  x 

.00 


J  e*a?dx     =   — fer*j*dx 
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subject  to  the  limitation  that  the  series  in  the  exponent  of  e  must  converge 
rapidly. 


Of  the  integrals 

f~ZT  dx>  f- —  dx,  ferx  dx9  /xe~x  dx,  fx*e-*  dx9 

The  first  may  be  reduced  to  the  second,  the  so-called  "  Exponential 
Integral "  Ei  (-x),  and  the  fourth  and  fifth  to  the  third,  or  Exponential 
Function. 

The  Exponential  Function  has  been  tabulated  by  Mr.  F.  W.  New- 
man,1 from  x  =  0  to  x  =  37,  at  intervals  of  .1  to  eighteen  decimal 
places  (sixteen  exact),  from  x  =  0  to  x  =  15.349  at  intervals  of  .  001 
to  twelve  decimal  places,  from  x  =  15.350  to  x  =  17.298  at  intervals  of 
.002,  and  from  x  =  17.300  to  x  =  27.635  at  intervals  of  .005  to 
fourteen  decimal  places. 

Tables  of  the  same  function  have  been  prepared  by  Mr.  J.  W.  L. 
Glaisher2  from  x  =  0.001  to  x  =  1.000  at  intervals  of  .001,  from- 2  =  0.01 
to  x  =  2.00  at  intervals  of  .01,  from  x  =  0.1  to  x  =  10.0  at  intervals 
of  .  1,  and  from  x  =  1  to  x  =  500  at  intervals  of  unity.  In  every  case 
the  first  nine  significant  figures  are  given. 

The  Exponential  Integral  has  been  tabulated  by  Mr.  J.  W.  L.  Glaisher3 
from  x  =  0  to  x  =  1.00  at  intervals  of  .01  to  eighteen  places,  from  1.0 
to. 5.0  at  intervals  of  .  1  to  eleven  places,  and  from  6.0  to  15.0  at  inter- 
vals of  unity  to  eleven  places. 

For  the  problems  with  which  wo  were  concerned,  these  intervals  were 
too  wide,  we  have  therefore  constructed  a  table  of  the  descending  Expo- 
nential Integral  from  x  =  0  to  x  =  1. 000  at  intervals  of  .001, and  from 
x  =  1.00  to  x  =  2.00  at  intervals  of  .01,  to  nine  decimal  places. 

The  other  three  integrals  have  not  hitherto  been  tabulated,  so  far  as 
we  are  aware. 


QO 

Values  of  Cer*  dx,  from  x  =  0  to  x  =  1.000  at  intervals  of   .001 

X 

{Table  /),  and  from  x  =  1.00  to  x  =  2.00  at  intervals  of  .01  (Table  II). 
These  are  Newman's  values  of  erx  to  the  nearest  digit  in  the  ninth  decimal 
place. 

In  his  " Tables  of  the  Exponential  Function"  Glaisher  says  :  "The 
last  figure  is  therefore  in  general  correctly  given  to  the  nearest  unit,  but 
it  may  be  in  error  by  a  unit  where  the  tenth  figure  is  a  4,  5  or  6."  On 
comparing  Glaisher's  table  with  that  of  Newman   five  cases  were  found 

1  Cambridge  Phil.  Trans.,  XIII,  145  (1883). 

'  Ibid,  XIII,  243. 

»  Phil.  Trans.,  CLX,  367  (1870). 
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between  x  =  0  and  x  =  2  (viz.,  x  =  0.820,  1.28,  1.75,  1.93,  1.99)  in 
which  there  was  a  discrepancy  of  one  unit  in  the  ninth  decimal  place,  and 
the  tenth  digit  was  4  or  5. 

There  are  two  others  in  which  the  tenth  figures  are  2  and  8  respec- 
tively, viz. : 

x  Newman  Glaisher 

1.55  0.212  247  073  827  0.212  247  973 

1.80  0.165  298  888  221  0.165  298  889 

In  both  cases  Newman's  result  was  found  to  be  exactly  the  square  of 
his  number  for  half  the  value  of  x. 

Values  of — ,  from  a*=0.100  to  x=1.000  at  intervals  of  .001  (Table 

III),  and  from  x  =  1. 00  to  x  =  2.00  at  intervals  of   .01  (Table  IV). 

These  were  obtained  by  division  from  Newman's  values  of  erx. 

For  use  in  calculating  the  Exponential  Integral  the  first,  second  and 

following  differences  of  the  first  seven  decimal  places  were  taken  until 

they  were  small  enough  to  be  followed  readily,  these  served  also  to  detect 

errors  in  the  first  six  places.     At  the  beginning  of  the  table,  x  =  0.100 

to  x  =  0.210,  the  differencing  was  extended  to  the  whole  nine  decimal 

places. 

e~x 
The  last  six  figures  of  —  were  then  multiplied  by  the  corresponding 

•As 

value  of  x  and  the  product  compared  with  Newman's  value  of  e~T,  thus 
eliminating  errors  in  the  last  three  places.  This  verification  was  per- 
formed on  the  type-written  sheets  ready  for  the  printer. 


co  eo 


This  table  was  then  used  in  computing   /  ?L  dx  and  /  ^  dx. 


X  u     X' 

x  x 


e~r  -\ 
Values  of from  x  =  0  to  x  =  0.100  at  intervals  of  .001 

x  J 

(Table  7/7),     By  division,   from  Newman's  values  of  erx\  checked  by 
taking  the  first  and  second  differences  on  the  type-written  sheets. 
These  n umbel's  were  used  in  computing 

CO  GO  .j 

jAl  (I.i  +  loge  x,  and  J  z!!L  dx log€  x 


oo 


Values  of  J—  dx  from  x  =  0. 100  to  x  =  1.000  at  intervals  of  .001 
•  x 

x 

(Table  /),  and  from  x  =  1.00  to  x  =  2.00  atintervals  of  .01  (Table  11). 
It  was  found  impossible  to  obtain  these  from  Glaisher's  table  by  interpola- 
tion. The  table  was  consequently  built  up  from  the  values  of  e~x/x  by 
means  of  the  relation 

J  .  Ei  (-x)  =  0.001  (1  +  JJ  —  ^  J«  +  ^  Ji  _  ^  J«)r*/x 
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which  may  be  deduced  by  Taylors  theorem,  treating  intervals  of  0.001 
as  units.1 

The  computation  was  carried  out  with  ten  places  of  decimals,  and 
every  tenth  value  was  checked  by  Glaisher's  results,  and  found  to  agree 
within  a  few  units  in  the  last  place;  the  tenth  place  was  then  rejected. 
Incidentally  the  agreement  furnishes  evidence  of  the  accuracy  of  Glaisher's 
Table,  at  least  as  far  as  the  ninth  decimal  place,  and  of  our  Table  of  e~x/x 
as  far  as  the  seventh. 

Following  Glaisher,2  the  integration  constant 

y  =  0.577  215  6tJ5 
was  adopted,  whence  Ei  (-oc  )  =  0. 


00 


Values  of  i—  a\v  +  loge  x  from  x  =  0  to  x  =  -0. 1C0  at  intervals  of 
J  x 


.001  {Table  J).     As  for  ./•  =  0,  I  —  dx  becomes  infinite,  interpolation  for 

J   x 

X 

low  Values  of  x  would  be  impossible.     By  adding  loge  x  however,  the 
infinity  is  removed  and   this  difficulty  is  avoided,  /_.  dx  -\-  lxxjt  x  for 


X 

x 


00 


x  =  0  having  the  value  —  ;/.     By  subtracting  the  logarithm,  / Ef.   dx 


x 

x 


may  be  obtained. 

The  values  in  the  Table  were  computed  in  the  same  manner  as  those 


,e~x — 1  :n  ^i,._  ^ee-* 


of  /  —dx>  usingeJL_i  in  place  ofJLf,  and  every  tenth  was  checked  against 


JLf  .^  *As 

X 


Glaisher's  value  for  fe~c  dx.     The  numbers  so  obtained  are  negative. 

00        x 

For  example  : 

CO 

for  x  =  0-050,  /!£?  dx  +  loge  x  =  —  0.527  833  785  ' 


x 

x 


hence  f—dx  =  —  °  * 527  ®®  785  ~~  loV<  °  *  05° 

x     x        =  —  0.527  833  785  +  2.905  732  274 

=        2.467  898  489 

00 

Values  of  fULdxfrom  x  =  0. 100  to  x  =  1. 000  at  intervals  of  .001 
J    x2 

x 


x 


1  The  coefficients  are  those  of  the  powers  of  x  in  the  expansion  of   t       ,«      -^ 

See :  Boole,  Finite  Differences. 

8  In  Glaisher's  Table  the  limits  are  the  inverse  of  ours,  hence  the  minus  sign 
prefixed  to  nis  numbers. 
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{Table  7),  and  from  x  =  1.00  to  x  =  2.00  at  intervals  of  .01  {Table 
77).    Obtained  by  subtraction 


*f     X*  X  *      X 

X  X 

and  checked  by  addition. 

/*-x  1 

JL.  dx  —  -   —  loge  x  from  x  =  0  to  x  =  0. 100  at  in 
x*  x 

tervals  of  .001  {Table  I).    These  numbers  supplement  the  values  of 


oo  ao 


/_?!_  dx  in  the  same  way  that  /-£L-  dx  -f-  log€  x  supplements  those  of 
x2  J    x 

X  X 

ao 

_r_  dx.     They  were  obtained  by  subtraction, 


x 

x 


fl*  dx  -  1  -  log,  x  =  ¥=}  -  (  fZLdx  +  log,  x  ) 
J   x2  x  x  V    x  ' 

X  x 

ao 


and  checked  by  addition.     As  in  the  case  of  /J—  dx  +  loge  x  the   num- 

J    x 

x 

bers  tabulated  are  negative  in  sign.     For  example:  for  x  =  0.001 

ao 

I'll  dx  —  _L  —  loge  x  =  —  0.423  283  252 


x  X'  x 

oo 


hence  fSl  dx  =  —  0.423  283  252  +  1000  —  6.907  755  279 

J   x2 

=    992.668  961  469 
Values  of  I  xerx  dx  from  x  =  0  t o  x  =  1.000  at  intervals  of  .001 

X 

{Table  7),  and  from  x  =  1.00  to  x  =  2.00  at  intervalsof.Ol  {Table  II). 
Prepared  from  Newman's  values  of  e~x  by  multiplication,  according  to 
the  formula 

00 

f  xerxdx  =   (1  +  x)  erx 

X 

ana  checked  by  taking  first  and  second  differences  from  x  =  0  to  x  =  \y 
and  first,  second,  and  third  differences  from  x  =  1  to  x  =  2,  on  the  type- 
written sheets. 


Values  of  I  x2erx  dx  from  r=0  tu  x  =  1.000  at  intervals  of  .001 

X 

{Table  I),  and  from  x  =  1. 00  to  x  =  2.00  at  intervals  of  .01  {Table  II) 
From  Newman's  Table  of  erx  by  multiplication, 

j'x*<r*  dx  =   j  1  +  (1  +  x)2 1  e~* 
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checked  by  first  and  second  differences  between  x  ==  0  and  x  =  1 .  000 
and  by  first,  second,  and  third  differences  from  #  =  1.00  to  #  =  2.00 
on  the  type-written  sheets. 

Our  thanks  are  due  to  Mr.  R  F.  Stupart,  Superintendent  of  the 
Meteorological  Service,  for  the  use  of  a  8-16  place  arithmometer,  which 
together  with  a  6-12  place  arithmometer  and  a  9  place  comptometer  from 
the  School  of  Practical  Science,  were  of  great  assistance  in  computiug 
the  tables. 

TABLES. 

Table  I.  x  =  0  to  x  =  0.100  at  intervals  of  .001,  numerical 
values  of 

QO  0D  OD  00 

yJJLdx  —  JL  —  loge  x\  I  —  dx  +  tye  #,     /  e~x  </>;,     /  xer*  dxy    and 

r  '  x  x 

/  x*er*  dx. 

X 

x  ■=  0. 100  to  x  =  1.000  at  intervals  of  .001,  numerical  values  of 

00  00  00  CO  CO 

fe~xdri     /_£^  dx,    J  er*  dx.     f  xer*  dx,  and     /  x3erx  dx. 


Table  II.  x  =  1.00  to  x  =  2.00  at  intervals  of  .01,  numerical 
values  of 

00  0D                                         00                                    JO                                                               00 

f£^  dx,  f—  dx,  Jerx  dx,    j '  xer*  dx,  and     fx*er*  dx. 


Table   III.    x  =  0  to  x  =  0.100  at  intervals  of  .001,  numerical 

values  of . 

.r 

x  =  0.100  to  x  =  1 .000  at  intervals  of  .001,  numerical  values  of  — . 

x 


Table  IV.    x  =  1.00  to  a;  =  2.00  at  intervals  of  .01,  numerical 

values  of — . 
x 
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TABLE  1. 


X 

—  A 

—  B 

OD 

fer*  dx 

OD 

/  xe~*  dx 

0m 

OD 

fx2e~x  dx 

.000 

0.422  784  335 

0.577  215  665 

1.000  000  000 

X 

1.000  000  000 

X 

2.000  000  000 

.001 

.423  283  252 

.576  216  915 

.999  000  500 

.999  999  500 

.000  000  000 

.002 

.423  784  002 

.575  216  665 

.998  001  999 

.999  998  003 

1.999  999  997 

.003 

.424  283  585 

.574  217  914 

.997  004  496 

.999  995  509 

.999  999  991 

.004 

.424  783  002 

.573  219  662 

.996  007  989 

.999  992  021 

.999  999  979 

.005 

.425  282  253 

.572  221  908 

.995  012  479 

.999  987  542 

.999  999  958 

.006 

.425  781  338 

.571  224  653 

.994  017  964 

.999  982  071 

.999  999  928 

.007 

.426  280  257 

.570  227  8^6 

.993  024  443 

.999  975  613 

999  999  886 

.008 

.426  779  008 

.569  231  637 

.992  031  915 

.999  968  170 

.999  999,830 

.009 

.427  277  595 

.568  235  875 

.991  040  379 

.999  959  742 

.999  999  759 

.010 

.427  776  015 

.567  240  610 

.990  049  834 

.999  950  332 

.999  999  669 

.011 

.428  274  269 

.566  245  842 

.989  060  279 

999  939  942 

.999  999  560 

.012 

.428  772  358 

.565  251  570 

.988  071  713 

,  .999  928  573 

.999  999  429 

.013 

.429  270  282 

.564  257  7U4 

.987  084  135 

*  .999  916  229 

.999  999  275 

.014 

.429  768  040 

.563  264  513 

.986  097  544 

.999  902  910 

.999  999  095 

.015 

.430  265  632 

.562  271  728 

.985  111  940 

.999  888  619 

.999  998  888 

.016 

.430  763  059 

.561  279  438 

.984  127  320 

.999  873  357 

999  998  651 

.017 

.431  260  320 

.560  287  643 

.983  143  685 

.999  857  127 

.999  998  383 

.018 

.431  757  416 

.550  296  342 

.982  161  032 

.999  839  931 

.999  998  082 

.019 

.432  254  347 

558  305  535 

.981  179  362 

.999  821  770 

.999  997  746 

.020 

.432  751  113 

.557  315  222 

.980  198  673 

.999  802  647 

.999  997  373 

.021 

.433  247  713 

.556  325  403 

.979  218  965 

.999  782  563 

.999  996  961 

.022 

.433  744  149 

.555  336  076 

.978  240  235 

.999  761  520 

. yyy  yyo  ouy 

.023 

.434  240  420 

.554  347  242 

.977  262  484 

.999  739  521 

.999  996  014 

.024 

.434  736  526 

553  358  901 

976  285  710 

.999  716  567 

.999  995  474 

• 

.025 

.435  232  468 
.455  728  245 

.552  371  051 

.975  309  912 

.999  692  660 

.999  994  888 

.026 

.551  383  693 

.974  335  090 

.999  667  802 

.999  994  254 

.027 

.436  223  857 

.550  396  827 

.973  361  242 

.999  641  994 

.999  993  570 

.028 

.436  719  305 

.549  410  452 

.972  388  367 

.999  615  241 

.999  992  835 

.029 

.437  214  589 

.548  424  567 

.971  416  464 

.999  587  541 

.999  992  045 

.030 

.437  709  709 

.547  439  173 

.970  445  534 

.999  558  900 

.999  991  200 

.031 

.438  204  663 

. 546  454  270 

.969  475  573 

.999  529  316 

.999  990  299 

.032 

.438  699  455 

.545  469  855 

.968  506  582 

.999  498  793 

.999  989  338 

.033 

.439  194  081 

.544  485  931 

.967  538  560 

.999  467  332 

.999  988  314 

.034 

.439  688  545 

.543  502  495 

.966  571  505 

999  434  936 

.999  987  228 

.035 

.440  182  844 

.542  519  549 

.965  605  416 

.999  401  606 

.999  986  078 

.036 

.440  676  980 

.541  537  090 

.964  640  293 

.999  367  344 

.999  984  862 

.037 

.441  170  952 

.540  555  120 

.963  676  135 

.999  332  152 

.999  983  577 

.038 

.441  664  760 

.539  573  638 

.962  712  941 

.999  296  032 

.999  982  223 

.039 

.442  158  405 

.538  592  643 

.961  750  709 

.999  258  987 

.999  980  796 

.040 

.442  651  885 

.537  612  136 

.960  789  439 

.999  221  017 

.999  979  297 

.041 

.443  145  203 

.536  632  115 

.959  829  130 

.999  182  124 

.999  977  721 

.042 

.443  638  358 

.535  652  581 

.958  869  781 

.999  142  311 

.999  976  069 

.043 

.444  131  349 

.534  673  533 

.957  911  390 

.999  101  580 

.999  974  338 

.044 

.444  624  177 

.533  694  971 

.956  953  957 

.999  059  932 

.999  972  526 

.045 

.445  116  842 

.532  716  895 

.955  997  482 

.999  017  368 

.999  970  632 

.046 

.445  609  344 

.531  739  304 

.955  041  962 

.998  973  892 

.999  968  654 

.047 

.446  101  684 

.530  762  197 

.954  087  398 

.998  929  505 

.999  966  500 

.048 

.446  593  860 

.529  785  576 

.953  133  787 

.998  884  209 

.999  964  438 

.049 

.447  085  872 

.528  809  438 

.952  181  130 

.998  838  005 

.999  962  197 

.050 

.447  577  725 

.527  833  785 

.951  229  425 

.998  790  896 

.999  959  865 

A  = 


/£!L  dx  — 1  —  loge  x ;  B  =  /**"*.  dx  +  log«  x 
x2  x  r    x  ' 
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TABLE  1. 


X 


.050 
.051 
.052 
.053 
.054 

.055 
.056 
.057 
.058 
.059 

.060 
.061 
.062 
.063 
.064 

.065 
.066 
.067 
.068 
.060 

.070 
.071 
072 
.073 
.074 

.075 
.076 
.077 
.078 
.079 

.080 
.081 
.082 
.083 
.084 

.085 
.086 
.087 
.088 
.089 

.090 
.091 
.092 
093 
.094 

.095 
.096 
.097 

.100 


—  A  —B 


OD  00  00 

jr*  dx  jxer*  dx  fx*e-*  dx 


0.447  577  725  0.527  833  785  0.951229  425  0.998  790  896  1.999  950  865 

.448  069  413  .526  858  616  .950  278  671  .998  742  883  .999  957  440 

.448  560  929  .525  883  939  .949  328  867  .998  603  968  .999  954  921 

.449  052  303  .524  909  726  .948  380  012  .998  644  153  .999  952  306 

.449  543  504  .523  936  005  .947  432  107  .998  593  440  .999  949  503 

450  034  544  .522  962  766  .946  485  148  .998  541831  .999  946  780 

.450  525  421  .521  990  010  .945  539  136  .998  489  328  .999  943  866 

.451  016  136  .521  017  735  .944  594  069  .998  435  930  .999  940  849 

.451  506  688  .520  045  942  .943  649  947  .998  381  644  .999  937  727 

.451  997  079  .519  074  630  .942  706  769  .998  326  469  .999  934  499 

.452  487  308  .518  103  799  .941  764  534  .098  270  406  .999  931  164 

.452  977  375  .517  133  448  .940  823  240  .998  213  457  .999  927  718 

.453  467  281  .516  163  577  .939  882  887  .998  155  626  .999  924  161 

.453  957  025  .515  194  186  .938  943  474  .998  096  912  .999  920  492 

.454  446  608  .514  225  274  .938  005  000  .998  037  319  .999  916  707 

.454  936  029  .513  256  842  .937  067  463  .997  976  848  .999  912  807 

.455  425  288  .512  288  889  .936  130  864  .997  915  501  .999  908  789 

.455  914  387  .511  321  414  .935  195  201  .997  853  280  .999  904  651 

.456  403  325  .510  354  417  .934  260  474  .997  790  186  .999  900  392 

.456  892  101  .509  387  898  .933  326  680  .997  726  220  .999  896  010 

.457  380  716  .508  421  856  .932  393  820  .997  661  387  .999  891  504 

.457  869  170  .507  456  293  .931  461  892  .997  595  686  .999  886  872 

.458  357  463  .506  491  206  .930  530  896  .997  529  120  .999  882  113 

.458  845  596  .505  526  595  .929  600  830  .997  461  691  .999  877  224 

.459  333  568  .504  562  461  .928  671  694  997  393  398  .999  872  205- 

.459  821  379  .503  598  803  .927  743  486  .997  324  248  .999  867  053: 

.460  309  030  .502  635  621  .926  816  207  .997  254  238  .999  861  767 

.460  796  520  .501  672  914  .925  889  854  .997  183  372  .999  856  346 

.461  283  849  .500  710  682  .924  964  427  .997  111  652  .999.850  787 

.461  771  019  .499  748  925  .924  039  924  .997  039  078  .999  845  090 

. 462  258  028  .498  787  642  .923  116  346  .996  965  654  .999  839  253 

462  744  878  .497  826  833  .922  193  691  .996  891  380  .999  833  274 

.463  231  567  .496  866  498  .921  271  959  .996  816  259  .999  827  151 

.463  718  095  .495  906  637  .920  3ol  147  .996  740  292  .999  820  884 

.464  204  464  .494  947  249  .919  431  256  .996  663  482  .999  814  470 

.464  690  674  .493  988  333  .918  512  284  .996  585  828  .999  807  908 

.465  176  723  .493  029  891  .917  594  231  .996  507  335  .999  801197 

.465  662  613  .492  071  920  .916  677  096  .996  428  003  .999  794  335 

.466  148  344  .491  114  421  .915  760  877  .996  347  834  .999  787  320 

.466  633  914  .490  157  394  .914  845  574  .996  266  829  .999  780  151 

.467  119  325  .489  200  839  .913  931  185  .996  184  992  .999  772  826 

.467  604  577  .488  244  754  .913  017  711  .996  102  323  .999  765  345 

.468  089  669  .487  289  140  .912  105  150  .996  018  823  .999  757  705 

.468  574  603  .486  333  996  .911  193  500  .995  934  496  .999  749  904 

.460  059  377  .485  379  323  .910  282  762  .995  849  342  .999  741  942 

.469  543  992  .484  425  119  .909  372  934  .995  763  363  .999  733  817 

.470  028  449  .483  471  384  .908  464  016  .995  676  562  .999  725  528 

.470  512  746  .482  518  119  .907  556  006  .995  588  939  .999  717  072 

.470  996  884  .481  565  323  .908  648  904  .995  500  496  .999  708  449 

.471  480  864  .480  612  994  .905  742  708  .995  411  236  .999  699  657 

.471  964  685  .479  661  135  .904  837  418  .995  321  160  .999  600  694 


T 

A  = 


—  I  ^Z-dx logt  x  ;    B  =J  ^1  dx  +  log%  x 

Sec.  in.,  1903.  6. 
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TABLE  I 


X 


.100 
,101 
.102 
.103 
.104 

.105 
.108 
.107 
.108 
.109 

.110 
.111 
.112 
.113 
.114 

.115 
.116 
.117 
118 
.119 

.120 
.121 
.122 
.123 
.124 

.125 
126 
.127 
.128 
.129 

.130 
.131 
.132 
.133 
.134 

.135 
.136 
.137 
.138 
.139 

.140 
.141 
.142 
.143 
.144 

.145 
.146 
.147 
.148 
.149 


QO 

/9 


,GLu* 


7.225  450  222 
.135  906  990 
.048  207  252 

6.962  296  377 
.878  121  851 

.795  633  182 
.714  781  795 
.635  520  951 
.557  805  656 
.481  592  581 

.406  839  991 
.333  507  663 
.261  556  829 
.190  950  104 
. 121  651  428 

.053  626  007 
5.986  840  258 
.921  261  757 
.856  859  193 
.793  602  313 

.731  461  887 
.670  409  659 
.610  418  310 
.551  461  416 
.493  513  418 

.436  549  580 
.380  545  962 
.325  479  387 
.271  327  406 
.218  068  277 

.165  680  933 
.114  144  958 
.063  440  561 
.013  548  555 
4.961  450  328 

.916  127  829 
.868  563  544 
.821  740  475 
.775  642  123 
.730  252  470 

.685  555  959 
.641  537  483 
.598  182  362 
.555  476  333 
.513  405  537 

.471  956  497 
.431  116  114 
.990  871  647 
.351  210  705 
.312  121  234 


X 

1.822  923  958 
.813  925  019 
.805  023  647 
.796  217  930 
.787  506  009 

.778  886  081 
.770  356  394 
.761  915  245 
.753  560  978 
.745  291  983 

.737  106  694 
.729  003  589 
.720  981  184 
.713  038  038 
.705  172  746 

.697  383  940 
.689  670  288 
.682  030  492 
.674  463  287 
.666  967  441 

.659  541  752 
.652  185  048 
.644  896  186 
.637  674  052 
.630  517  557 

.623  425  641 
.616  397  266 
.609  431  421 
.602  527  119 
.595  683  394 

.588  899  305 
.582  173  930 
.675  506  371 
.568  895  747 
.562  341  199 

.555  841  887 
.549  396  989 
.543  005  701 
.536  667  237 
.530  380  828 

.524  145  722 
.517  961  182 
.511  826  487 
.505  740  932 
.499  703  825 

.493  714  490 
.487  772  264 
.481  876  499 
.476  026  558 
.470  221  819 


/ 


er*  dx 


CO 

/ 


xerx  dx 


/ 


x*er*dx 


0.904  837  418 
.903  933  033 
.903  029  552 
.902  126  973 
.901  225  297 

.900  324  523 
.899  424  648 
.898  525  673 
.897  627  596 
.896  730  417 

.895  834  135 
.894  938  749 
.894  044  257 
.893  150  660 
.892  257  956 

.891  366  144 
.890  475  223 
.889  585  193 
.888  696  053 
.887  807  8C1 

.886  920  437 
.886  033  960 
.885  148  369 
.884  263  663 
.883  379  841 

.882  496  903 
.881  614  847 
.880  733  673 
.879  853  379 
.878  973  966 

.878  095  431 
.877  217  774 
.876  340  995 
.875  465  092 
.874  590  065 

.873  715  912 
.872  842  632 
.871  970  226 
.871  098  692 
.870  228  028 

.869  358  235 
.868  489  312 
.867  621  256 
.866  754  069 
.865  887  748 

.865  022  293 
.864  157  703 
.863  293  977 
.862  431  115 
.881  569  115 


0.995  321  160 
.995  230  260 
.995  138  566 
.995  048  052 
.994  952  728 

.994  858  597 
.994  763  661 
.994  667  919 
.994  571  376 
.994  474  033 

.994  375  890 
.994  276  950 
.994  177  214 
.994  076  685 
.993  975  362 

.993  873  250 
.993  770  349 
.993  666  660 
.993  562  187 
.993  456  929 

.993  350  889 
.993  244  069 
.993  136  469 
993  028  093 
.992  918  941 

.992  809  015 
.992  698  317 
.992  586  849 
.992  474  612 
.992  361  606 

.992  247  837 
.992  133  303 
.992  018  006 
.991  901  949 
.991  785  133 

.991  667  560 
.991  549  231 
.991  430  147 
.991  310  311 
.991  189  724 

.991  068  388 
.990  946  305 
.990  823  475 
.990  699  901 
.990  575  584 

.990  450  525 
.990  324  728 
.990  198  192 
.990  070  920 
.989  942  913 


1.999  690  694 
.999  681  559 
.999  672  251 
.999  662  769 
.999  653  110 

.999  643  273 
.999  633  257 
.999  623  060 
.999  612  682 
.999  602  120 

.999  591  373 
.999  580  440 
.999  569  320 
.999  558  010 
.999  546  510 

.999  534  818 
.999  522  933 
.999  510  853 
.999  498  577 
.999  486  103 

.999  473  433 
.999  460  561 
.999  447  487 
.999  434  211 
.999  420  731 

.999  407  045 
.999  393  152 
.999  379  051 
.999  364  741 
.999  350  220 

.999  335  487 
.999  320  540 
.999  305  378 
.999  290  001 
.999  274  406 

.999  258  592 
.999  242  558 
.999  226  303 
.999  209  826 
.999  193  125 

.999  176  198 
.999  159  044 
.999  141  665 
.999  124  055 
.999  106  216 

.999  088  145 
.999  069  841 
.999  051  304 
.999  032  531 
.999  013  522 


.150 


.273  591  506 


.464  461  670 


.860  707  976 


.989  814  173 


.908  994  275 


[miller  a  bosebrugh]    VALUES  OF  FUNCTIONS  INVOLVING  e~*  83 

TABLE  I 


x 


00  00  CO 


fjULdx  f  *'*  dx  f  xer*  dx         fx*e-*dx 

m  X  X  X  X 


.150 

4.273  591  506 

1.464  461  670 

0.860  707  976 

0.980  814  173 

1.008  004  275 

.151 

.235  610  105 

.458  745  515 

.859  847  609 

.089  684  701 

.008  074  700 

.152 

.198  165  923 

.453  072  766 

.858  988  281 

.989  554  499 

.008  055  064 

.153 

.161  248  144 

.447  442  848 

.858  129  722 

.989  423  660 

.008  035  097 

.154 

.124  846  237 

.441  855  198 

.877  272  021 

.089  291  913 

.998  914  888 

.155 

.088  949  948 

.436  309  262 

.856  415  177 

.089  159  529 

.998  804  435 

.156 

.053  549  284 

.430  804  500 

.855  550  190 

.080  026  424 

.008  873  737 

.157 

.018  634  518 

.425  340  379 

.854  704  059 

.088  802  506 

.008  852  702 

.158 

3.984  196  166 

.419  916  378 

.853  849  782 

.088  758  048 

.008  831  601 

.150 

.950  224  990 

.414  531  985 

.852  996  359 

.088  622  780 

.008  810  161 

.160 

.916  711  982 

.409  186  699 

.852  143  789 

.088  486  705 

.008  788  471 

.161 

.883  648  367 

.403  880  025 

.851  292  071 

.088  350  005 

.008  766  531 

.162 

.851  025  583 

.398  611  482 

.850  441  205 

.088  212  680 

.008  744  338 

.163 

.818  835  286 

393  380  504 

.849  591  188 

.088  074  552 

.008  721  803 

.164 

.787  069  335 

.388  186  896 

.848  742  022 

.087  035  713 

.006  699  192 

.165 

.755  719  791 

.383  029  931 

.847  893  704 

.087  796  165 

.998  676  237 

.166 

.724  778  909 

.377  909  249 

.847  046  234 

.087  655  000 

.998  653  024 

.167 

.694  239  132 

.372  824  409 

.846  199  611 

.087  514  046 

.998  629  554 

.168 

.664  093  085 

.367  774  979 

.845  353  835 

.087  373  270 

.998  605  824 

.169 

.634  333  571 

.362  760  532 

.844  508  903 

.087  230  003 

.998  581  835 

.170 

.604  953  563 

.357  780  652 

.843  664  817 

.087  087  835 

.908  557  584 

.171 

.575  946  203 

.352  834  928 

.842  821  573 

.086  944  063 

.008  533  071 

.172 

.547  304  794 

.347  922  957 

.841  979  173 

.086  709  591 

.008  508  204 

.173 

.519  022  796 

.343  041  342 

.841  137  615 

.086  654  422 

.008  483  252 

.174 

.491  093  821 

.338  193  604 

.840  296  898 

.086  508  558 

.008  457  045 

.175 

463  511  632 

.333  385  630 

.839  457  021 

.086  361  099 

.008  432  370 

.176 

.436  270  130 

.328  604  775 

.838  617  983 

.986  214  748 

.008  406  527 

.177 

.409  363  363 

.323  855  759 

.837  779  785 

.986  066  806 

.098  380  416 

.178 

.382  785  510 

.319  138  217 

.836  942  423 

.985  918  175 

.998  354  033 

.179 

.356  530  885 

.314  451  793 

.836  105  899 

.085  768  854 

.998  327  380 

.180 

.330  503  928 

.309  796  135 

.835  270  211 

.085  618  840 

.998  300  454 

.181 

.304  969  205 

.305  170  898 

.834  4H5  359 

.085  468  150 

.998  273  254 

.182 

.279  651  403 

.300  575  742 

.833  601  340 

.085  316  784 

.998  245  780 

.183 

.254  635  327 

.296  010  333 

.832  768  156 

.085  164  728 

.998  218  029 

.184 

.229  915  895 

.291  474  343 

.831  935  804 

.085  Oil  002 

.998  190  002 

.185 

.205  488  142 

.286  967  446 

.831  104  284 

.084  858  576 

.998  161  697 

.186 

.181  347  206 

.282  489  326 

.830  273  505 

.084  704  483 

.998  133  113 

.187 

.157  488  332 

.278  039  670 

.820  443  736 

.084  540  715 

.098  104  248 

.188 

.133  906  870 

.273  618  168 

.828  614  707 

.084  304  272 

.908  075  103 

.189 

.110  598  268 

.269  224  519 

.827  786  507 

.084  238  156 

008  045  675 

.190 

.087  558  070 

.264  858  424 

.826  059  134 

.084  081  360 

.908  015  064 

.191 

.064  781  919 

.260  519  590 

.826  132  588 

.083  023  013 

.007  085  068 

.192 

.042  265  547 

.256  207  726 

.825  306  868 

.083  765  787 

.097  955  687 

.193 

.020  0O4  778 

.251  922  549 

.824  481  974 

.083  606  005 

.997  925  119 

.194 

2.997  995  521 

.247  663  779 

.823  657  904 

.083  447  538 

.997  894  264 

.195 

.976  233  774 

.243  431  139 

.822  834  658 

.083  287  416 

.997  863  121 

.196 

.954  715  614 

.239  224  350 

.822  012  235 

.083  126  633 

.997  831  687 

.197 

.933  437  201 

.235  043  171 

821  190  633 

.082  065  188 

.097  799  963 

.198 

.912  394  776 

.230  887  311 

.820  369  853 

.082  803  082 

.097  767  048 

.199 

.191  584  652 

.226  756  521 

.819  549  893 

.082  640  322 

.997  735  640 

.200 

.871  003  221 

.222  650  544 

818  730  753 

.082  476  004 

.997  703  038 
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TABLE  I 


x 


00  00  00  00 

fS^Ldx  fe-x  dx  fxer*  dx        j  x*e-*dx 

a        X  x  X  x 


.200  2.871003  221  1.222  050  544  0.818  730  753  0.982  476  904  1.907  703  038 

.201  .850  646  947  .218  569  130  .817  912  432  .982  312  830  .997  670  141 

.202  .830  512  366  .214  512  030  .817  094  928  .982  148  H3  .997  636  948 

.203  .810  596  081  .210  479  000  .816  278  241  .981  982  724  997  603  450 

.204  .790  894  765  .206  469  800  .815  462  371  .981  816  695  .997  569  672 

.205  .771  405  155  .202  484  193  .814  647  316  .981  650  016  .997  535  586 

.206  .752  124  057  .198  521  944  .813  833  076  .981  482  690  .997  501  200 

.207  .733  048  335  .194  582  824  .Hi 3  019  650  .981314  718  .997  466  514 

.208  .714  174  916  .190  666  607  .812  207  037  .981  146  100  .997  431  526 

.209  .695  500  787  .186  773  068  .811  395  236  .980  976  840  .997  396  235 

.210  677  022  995  .182  901  986  .810  584  246  .980  806  938  .997  360  640 

.211  .658  738  640  .179  053  146  .809  774  067  .980  636  394  .997  324  741 

.212  .640  644  883  .175  226  332  .808  964  698  .980  465  213  .997  288  536 

.213  .622  738  936  .171  421  333  .808  156  137  .980  293  394  .997  252  025 

.214  .605  018  063  .167  637  942  .807  348  385  .980  120  939  .997  215  205 

.215  .587  479  583  .163  875  953  .806  541  440  .979  947  850  .997  178  078 

.216  .670  120  863  .160  135  164  .805  735  302  .979  774  127  .997  140  640 

.217  .552  939  322  .156  415  375  .804  929  969  .979  599  773  .997  102  893 

.218  .535  932  425  .152  716  390  .804  125  442  .979  424  788  .997  064  833 

.219  .519  097  686  .149  038  013  .803  321  718  .979  249  174  .997  026  462 

.220  .502  432  663  .145  380  055  .802  518  798  .979  072  934  .996  987  777 

.221  .485  934  960  .141  742  326  .801  716  680  .978  896  067  .996  948  778 

.222  .469  602  227  .138  124  639  .800  915  364  .978  718  575  .996  909  463 

.223  .453  432  154  .134  526  811  .800  114  849  .973  540  461  .996  869  833 

.224  .437  422  475  .130  948  661  .799  315  134  .978  361  725  .996  829  885 

.225  .421  570  962  .127  390  010  .798  516  219  .978  182  368  .996  789  620 

.226  .405  875  434  .123  850  680  .797  718  102  978  002  393  .996  749  035 

.227  .390  333  739  .120  330  500  .796  920  782  .977  821  800  .996  708  131 

.228  .374  943  774  .116  829  295  .796  124  260  .977  640  590  .996  666  606 

.229  .359  703  468  .113  346  897  .795  328  534  .977  458  768  .996  625  359 

.230  .344  610  785  .109  883  139  .794  533  603  .977  276  331  .996  583  490 

.231  .329  663  731  .106  437  854  .793  739  466  .977  093  283  .996  541297 

.232  .314  860  340  .103  010  881  .792  946  123  .976  909  624  .996  498  780 

.233  .300  198  686  .099  602  059  .792  153  574  .976  725  356  .996  455  938 

.234  .285  676  874  .096  211  228  .791  361  816  .976  540  481  .996  412  769 

.235  .271  293  044  .092  838  231  .790  570  850  .976  354  999  .996  369  274 

.236  .257  045  361  .089  482  914  .789  780  674  .976  168  913  .996  325  450 

.237  .242  932  041  .086  145  124  .788  991  288  .975  982  223  .996  281  296 

.238  .228  951  304  .082  824  709  .788  202  691  .975  794  932  .996  236  816 

.239  .215  101  416  .079  521  522  .787  414  882  .975  607  039  .996  192  004 

.240  .201  380  673  .076  235  415  .786  627  861  .975  418  548  .996  146  860 

.241  .187  787  394  .072  966  242  .785  841  626  .975  229  458  .996  101  384 

.242  .174  319  932  .069  713  860  .785  056  178  975  039  773  .996  055  575 

.243  .160  976  658  .066  478  127  .784  271  514  .974  849  492  .996  009  432 

.244  .147  755  991  .063  258  904  .783  487  634  .974  658  617  995  962  954 

.245  .134  656  349  .060  056  052  .782  704  538  .974  467  150  .995  916  140 

.246  .121  676  196  .056  869  434  .781  922  225  .974  275  092  .995  868  990 

.247  .108  814  013  .053  698  916  .781140  694  .974  082  445  .995  821502 

.248  .096  068  311  .050  544  3M  .780  359  943  .973  889  209  .995  773  676 

.249  .083  437  620  .047  405  647  .779  579  973  .973  695  387  .995  725  511 

.350  070  920  498  .044  282  634  .778  800  783  .973  500  979  .995  677  007 
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TABLE  I 


x 


.250 
.251 
.252 
.253 
.254 

.255 
.256 
.257 
.258 
.259 

.260 
.261 
.262 
.263 
.264 

.265 
.266 
.267 
.268 
.269 


00 


/ 


e~* 


dx 


x* 

2.070  920  498 
.058  515  525 
.046  221  305 
.034  036  463 
.021  950  648 

.009  989  530 
1.996  124  799 
.986  364  166 
.974  706  865 
.963  150  148 

.951  694  285 
.940  337  570 
.929  078  812 
.917  916  840 
.906  850  500 

.895  878  656 
.885  000  191 
.874  214  005 
.863  519  014 
.852  914  149 


00 


00 


dx 


J 


er*  dx 


as 

/ 


xer*  dx 


1.044  282  634 
.041  175  196 
.038  083  211 
.035  006  548 
.031  945  084 

.028  808  697 
.025  867  267 
.022  850  674 
.019  848  798 
.016  861  524 

.013  888  737 
.010  930  321 
.007  986  164 
.005  056  154 
.002  140  181 

0.999  238  136 
.996  349  912 
.993  475  401 
.990  614  498 
.987  767  099 


0.778  800  783 
.778  022  372 
.777  244  738 
.776  467  882 
.775  691  802 

.774  916  498 
.774  141  969 
.773  368  214 
.772  595  232 
.771  823  023 

.771  051  586 
.770  280  920 
.769  511  024 
.768  741  897 
.767  973  540 

.767  205  950 
.766  439  128 
.765  673  071 
.764  907  781 
.764  143  256 


0.973  500  979 
.973  305  987 
.973  110  412 
.972  914  255 
.972  717  520 

.972  520  205 
.972  322  313 
.972  123  845 
.971  924  802 
.971  725  186 

.971  524  998 
.971  324  240 
.971  122  912 
.970  921  016 
.970  718  554 

.970  515  527 
.970  311  935 
.970  107  782 
.969  903  066 
.969  697  791 


/ 


tfe^dx 


1.995  677  007 
.995  628  161 
.995  578  974 
.995  529  444 
.995  479  572 

.995  429  355 
.995  378  794 
.995  327  887 
.995  276  633 
.995  225  032 

.995  173  063 
.995  120  786 
.995  068  139 
.995  015  141 
.994  961  792 

.994  908  091 
.994  854  038 
.994  799  631 
.994  744  869 
.994  689  753 


.270 

842  398  360 

.984  933  101 

.763  379  494 

.969  491  958 

.994  634  281 

.271 

.831  970  610 

.982  112  403 

.762  616  496 

.969  285  567 

.994  578  452 

.272 

.821  629  881 

.979  304  902 

.761  854  261 

.969  078  620 

.99*  522  266 

.273 

.811  375  169 

.976  510  500 

.761  092  788 

.968  871  118 

.994  465  722 

.274 

.801  205  483 

.973  729  098 

.760  332  075 

.968  663  064 

.994  408  819 

.275 

.791  119  850 

.970  960  598 

.759  572  123 

.968  454  457 

.994  351  556 

.276 

.781  117  308 

.968  204  905 

.758  812  931 

.968  245  300 

.994  293  933 

.277 

.771  196  912 

.965  461  922 

.758  054  497 

.968  035  593 

.994  235  949 

.278 

.761  357  730 

.962  731  556 

.757  296  822 

.967  825  338 

.994  177  603 

.279 

.751  598  843 

.960  013  713 

.756  539  903 

.967  614  536 

.994  118  895 

.280 

.741  919  348 

.957  308  300 

.755  783  741 

.967  403  189 

.994  059  823 

.281 

.732  318  351 

.954  615  227 

.755  028  335 

.967  191  298 

.994  000  388 

.282 

.722  794  975 

.951  934  403 

.754  273  685 

.966  978  864 

.993  940  588 

.283 

.713  348  352 

949  265  739 

.753  519  788 

.966  765  888 

.993  880  422 

.284 

.703  977  631 

.946  609  146 

.752  766  645 

.966  552  372 

.993  819  890 

.285 

®M  681  970 

.943  964  536 

.752  014  254 

.966  338  317 

.993  758  991 

.286 

.685  460  539 

.941  331  824 

.751  262  616 

.966  123  724 

.993  697  725 

.287 

.676  312  526 

.938  710  923 

.750  511  729 

.965  908  595 

.993  636  091 

.288 

.667  237  113 

.936  101  749 

.749  761  592 

.965  692  931 

.993  574  087 

.289 

.658  233  517 

.933  504  218 

.749  012  205 

.965  476  733 

.993  511  714 

.290 

.649  300  953 

.930  918  246 

.748  263  568 

.965  260  002 

.993  448  970 

.291 

.640  438  647 

.928  343  752 

.747  515  678 

.965  042  740 

.993  385  856 

.292 

.631  645  839 

.925  780  654 

.746  768  536 

.964  824  949 

.993  322  369 

.293 

.622  921  779 

.923  228  872 

.746  022  141 

.964  606  628 

.993  258  511 

.294 

.614  265  726 

.920  688  327 

.745  276  491 

.964  387  780 

.993  194  279 

.295 

.605  676  952 

.918  158  938 

.744  531  587 

.964  168  406 

.993  129  673 

.296 

.597  154  736 

.915  640  629 

.743  787  428 

.963  948  507 

.993  064  693 

.297 

.588  698  369 

.913  133  322 

.743  044  012 

.963  728  084 

.992  999  337 

.298 

.580  307  153 

.910  636  940 

.742  301  340 

.963  507  139 

.992  933  606 

.299 

.571  980  396 

.908  151  408 

.741  559  409 

.963  285  673 

.992  867  498 

.300 

.563  717  417 

.905  676  652 

.740  818  221 

.963  063  687 

.992  801  014 

86  ROYAL  SOCIETY  OF  CANADA 

TABLE  I 


00  00  00  00 

fH-dx  f  e~*  dx  fxer*  dx        f  x*er*dx 


x 

.300  1.563  717  417  0.905  676  652  0.740  818  221  0.963  063  687  1.992  801  014 

.301  .555  517  546  .903  212  596  .740  077  773  .962  841  182  .992  734  151 

.302  .547  380  121  .900  759  167  .739  338  065  .962  618  160  .992  666  910 

.303  .539  304  487  .898  316  293  .738  599  096  .962  394  623  .992  599  290 

.304  .531  290  002  .895  883  901  .737  860  866  .962  170  570  .992  531  290 

.305  .523  336  028  .893  461  921  .737  123  374  .961  946  004  .992  462  909 

.306  .515  441  938  .891  050  282  .736  386  619  .961  720  925  .992  394  148 

.307  .507  607  115  .888  648  914  .735  650  601  .961  495  335  .992  325  004 

.308  .499  830  948  .886  257  747  .734  915  318  .961  269  236  .992  255  479 

.309  .492  112  833  .883  876  714  .734  180  770  .961  042  628  .992  185  570 

.310  .484  452  177  .881  505  746  .733  446  956  .960  815  513  .992  115  278 

.311  .476  848  395  .879  144  775  .732  713  876  .960  587  891  .992  044  601 

.312  .469  300  905  .876  793  737  .731  981  528  .960  359  765  .991  973  540 

.313  .461  809- 137  .874  452  564  .731  249  913  .960  131  135  .991  902  093 

.314  .454  372  528  .872  121  192  .730  519  028  .959  902  003  .991  830  260 

.315  .446  990  521  .869  799  556  .729  788  874  .959  672  370  .991  758  040 

.316  .439  662  568  .867  487  591  .729  059  450  .959  442  235  .991  685  433 

.317  .432  388  123  .865  185  234  .728  330  755  .959  211604  .991612  438 

.318  .425  166  660  .862  892  423  .727  602  788  .958  980  475  .991  539  055 

.319  .417  997  643  .860  609  095  .726  875  549  .958  748  850  .991  465  282 

.320  .410  880  552  .858  335  189  .726  149  037  .958  516  729  .991  391  119 

.321  .403  814  873  .856  070  644  .725  423  251  .958  284  115  .991  316  566 

.322  .396  800  100  .853  815  398  .724  698  190  .958  051  008  .991  241  622 

.323  .389  835  729  .851  569  393  .723  973  854  .957  817  409  .991  166  287 

.324  .382  921  267  .849  332  568  .723  250  242  .957  588  321  .991  090  559 

.325  .376  056  222  .847  104  866  .722  527  354  .957  348  744  .991  014  439 

.326  .369  240  115  .844  886  227  .721  805  187  .957  113  678  .990  937  925 

.327  .362  472  467  .842  676  594  .721  083  743  .956  878  127  .990  861  018 

.328  .355  752  809  .840  475  910  .720  363  020  .956  642  090  .990  783  715 

.329  .349  080  675  .838  284  118  .719  643  017  .956  405  569  .990  706  018 

.330  .342  455  607  .836  101  161  .718  923  733  .956  168  665  .990  627  925 

.331  .335  877  151  .833  926  985  .718  205  169  .955  931  080  .990  549  437 

.332  .329  344  859  .831  761  535  .717  487  323  .955  693  114  .990  470  551 

.333  .322  858  292  .829  604  754  .716  770  194  .955  454  669  .990  391  268 

.834  .316  417  005  .827  456  591  .716  053  782  .955  215  745  .990  311  587 

.335  .310  020  582  .825  316  989  .715  338  086  .954  976  345  .990  231  507 

.336  .303  668  584  .823  185  898  .714  623  106  .954  736  469  .990  151  029 

.337  .297  360  694  .821  063  263  .713  908  840  .954  496  119  .990  070  151 

.338  .291  096  197  .818  949  033  .713  195  288  .954  255  294  .989  988  873 

.339  .284  874  984  .816  843  155  .712  482  449  .954  013  999  989  907  194 

.340  .278  696  646  .814  745  580  .711  770  323  .953  772  233  .989  825  114 

.341  .272  560  486  .812  656  254  .711  058  908  .953  529  996  .989  742  633 

.342  .266  466  404  .810  575  130  .710  348  205  .953  287  291  .989  659  749 

.343  .260  413  914  .808  502  155  .709  638  212  .953  044  118  .989  676  462 

.344  .254  402  626  .806  437  281  .708  928  928  .952  800  479  .989  492  772 

.345  .248  432  159  .804  380  459  .708  220  353  .952  556  375  .989  408  678 

.346  .242  502  137  .802  331  640  .707  512  487  .952  311  808  .989  324  180 

.347  .236  612  188  .800  290  775  .706  805  328  .952  066  777  .989  239  277 

.848  .230  761  941  .798  257  818  .706  098  876  .951  821  285  .989  153  669 

.849  .224  951  034  .796  232  720  .705  393  130  .951  575  333  .989  068  254 

.860  .219  179  107  .794  215  435  .704  688  090  .951  328  921  .988  982  183 


[miller  a  rosebrugh]    VALUES  OF  FUNCTIONS  INVOLVING  e~*  87 

TABLE  I 


X 

00 
[**  dx 

.350 
.351 
.352 
.353 
.354 

1.219  179  107 
.213  445  805 
.207  750  776 
.202  093  674 
. 196  474  155 

.355 
.356 
.357 

.358 
.359 

.190  891  880 
.185  346  514 
.179  837  726 
.174  365  190 
.168  928  580 

.360 
.361 
.362 
.363 
.364 

.163  527  577 
.158  161  865 
. 152  831  131 
.147  535  067 
.142  273  366 

.365 
.366 
.367 
.368 
.ou9 

.137  045  727 
.131  851  850 
.126  691  440 
.121  564  207 
.116  469  860 

.370 
.371 
.372 
.373 
.374 

.111  408  114 
.106  378  688 
. 101  381  301 
.096  415  678 
.091  481  545 

.375 
.376 
.377 

.378 
.379 

.086  578  634 
.081  706  677 
.076  865  408 
.072  054  068 
.067  273  899 

.380 
.381 
.382 
.383 
.384 

.062  523  143 
.057  802  050 
.053  110  368 
.048  447  852 
.043  814  254 

.385 
.386 
.387 
.388 
.389 

.039  209  335 
.034  632  854 
.030  084  575 
.025  564  263 
.021  071  687 

.390 
.391 
.392 
.393 
.394 

.016  606  616 
.012  168  826 
.007  758  090 
.003  374  186 
0.999  016  893 

.395 
.396 
.397 
.398 
.399 

.994  685  999 
.990  381  283 
.986  102  535 
.981  849  543 
.977  622  099 

400 

.973  419  996 

CO  00  00  00 

fSHLdx  I  erx  dx  I  xer*  dx  I  x2e-*dx 

x       X  x  x  x 

0.794  215  435  0.704  688  090  0.951328  921  1.968  982  133 

.792  205  915  .703  983  754  .951  082  052  .988  895  605 

.790  204  116  .703  280  122  .950  834  725  .988  808  670 

.788  209  990  .702  577  193  .950  586  943  .988  721  327 

.786  223  493  .701  874  967  .950  338  706  .988  633  575 

.784  244  580  .701  173  443  .950  090  016  .988  545  414 

.782  273  206  .700  472  620  .949  840  873  .988  456  844 

.780  309  326  .699  772  498  .949  591  279  .988  367  864 

.778  352  897  .699  073  075  .949  341  236  .988  278  473 

.776  403  875  .698  374  351  .949  090  744  .988  188  672 

.774  462  218  .607  676  326  .948  839  803  .988  098  459 

.772  527  881  .696  978  998  .948  588  417  .988  007  834 

.770  600  824  .696  282  368  .948  3%  585  .987  916  797 

.768  681  008  .695  586  433  .948  084  309  .987  825  346 

.766  768  378  .604  891  195  .947  831  590  .987  733  483 

.764  862  906  .694  196  651  .947  578  428  .987  641  206 

.762  964  547  .693  502  801  .947  324  826  .987  548  514 

.761  073  260  .692  809  646  .947  070  785  .987  455  408 

.759  189  004  .692  117  182  .946  816  305  .987  361  886 

.757  311  740  .691  425  410  .946  561  387  .987  267  949 

.755  441  428  .690  734  331  .946  306  033  .987  173  596 

.753  578  028  .690  043  942  .946  050  244  .987  078  826 

.751  721  501  .689  354  243  .945  794  021  .986  983  639 

.749  871  810  .688  665  233  .945  537  365  .986  888  035 

.748  028  914  .687  976  912  .945  280  277  .986  792  012 

.746  192  776  .687  289  279  .945  022  757  .986  695  572 

.744  363  358  .686  602  333  .944  764  810  .986  598  712 

.742  540  624  .685  916  074  .944  506  434  .986  501  433 

.740  724  534  .685  230  501  .944  247  630  .986  403  735 

.738  915  053  .684  545  613  .943  988  400  .986  305  616 

.737  112  144  .683  861  409  .943  728  745  .986  207  077 

.735  315  771  .683  177  890  .943  468  666  .986  108  117 

.733  525  897  .682  495  053  .943  208  164  .986  008  735 

.731  742  486  .681  812  899  .942  947  240  .985  908  932 

.729  965  504  .681  131  427  .942  685  895  .985  808  706 

.728  194  915  .680  450  636  .942  424  131  .985  708  058 

.726  430  684  .679  770  526  .942  161  949  .985  604  986 

.724  672  776  .679  091  095  .941  899  349  .985  505  492 

.722  921  158  .678  412  343  .941  636  332  .985  403  573 

.721  175  794  .677  734  270  .941  372  901  .985  301  230 

.719  436  652  .677  056  874  .941  109  056  .985  198  462 

.717  703  696  .676  380  156  .940  844  797  .985  095  269 

.715  976  895  .675  704  114  .940  580  127  .984  991  650 

.714  256  215  .675  028  748  .940  315  045  .984  887  606 

.712  541  625  .674  354  056  .940  049  554  .984  783  135 

.710  833  088  .673  680  039  .939  783  655  .984  678  238 

.709  130  575  .673  006  696  .939  517  347  .984  572  913 

.707  434  053  .672  334  026  .939  250  634  .984  467  161 

.705  743  491  .671  662  028  .938  983  515  .984  360  931 

.704  058  857  .670  990  701  .938  715  991  .984  254  373 

.702  380  119  .670  320  046  .938  448  064  .964  147  336 
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TABLE  I 


X 

00 

f**dx 

J**dc 

x       X 

00 

/  er*  dx 

X 

00 

I  xer*  dx 

X 

CO 

/  x*e-*dx 

X 

.400 

0.973  419  996 

0.702  380  119 

0.670  320  046 

0.938  448  064 

1.984  147  336 

.401 

.969  243  031 

.700  707  246 

.669  650  061 

.938  179  735 

.984  039  870 

.402 

.965  091  000 

.699  040  208 

.668  980  746 

.937  911  005 

.983  931  975 

.403 

.960  963  705 

.697  378  973 

.668  312  099 

.937  641  875 

.983  823  650 

.404 

.956  860  947 

.695  723  512 

.667  644  121 

.937  372  346 

.983  714  895 

.405 

.952  782  529 

.694  073  794 

.666  976  811 

.937  102  419 

.983  605  710 

.406 

.948  728  258 

.692  429  790 

.666  310  167 

.936  832  095 

.983  496  004 

.407 

.944  697  942 

.690  791  469 

.665  644  190 

.936  561  376 

.983  386  046 

.408 

.940  691  392 

.689  158  801 

.664  978  879 

.936  290  261 

.983  275  567 

.409 

.936  706  418 

.687  531  750 

.664  314  232 

.936  018  753 

.983  164  656 

.410 

.932  748  836 

.685  910  311 

.663  650  250 

.935  746  853 

.983  053  312 

.411 

.928  812  459 

.684  294  431 

.662  986  932 

.935  474  560 

.982  941  535 

.412 

.924  899  106 

.682  684  088 

.662  324  276 

.935  201  878 

.982  829  327 

.413 

.921  008  597 

.681  079  255 

.661  662  283 

.934  928  806 

.982  716  685 

.414 

.917  140  752 

.679  479  903 

.661  000  951 

.934  655  345 

.982  603  609 

.415 

.913  295  395 

.677  886  004 

.660  340  281 

.934  381  497 

.982  490  099 

.416 

.909  472  350 

.676  297  531 

.659  680  270 

.934  107  263 

.982  376  155 

.417 

.905  671  444 

.674  714  455 

.659  020  920 

.933  832  643 

.982  261  776 

.418 

.901  892  505 

.673  136  750 

.658  362  228 

.933  557  640 

.982  146  962 

.419 

.898  135  362 

.671  564  388 

.657  704  195 

.933  282  253 

.982  031  712 

.420 

.894  399  849 

.669  997  341 

.657  046  820 

.933  006  484 

.981  916  027 

.421 

.890  685  797 

.668  435  584 

.656  390  101 

.932  730  334 

.981  799  906 

.422 

.886  993  041 

.666  879  090 

.655  734  039 

.932  453  804 

.981  683  349 

.423 

.883  321  420 

.665  327  831 

.655  078  633 

.932  176  895 

.981  566  355 

.424 

.879  670  770 

.663  781  782 

.654  423  882 

.931  899  607 

.981  448  923 

.425 

.876  040  929 

.662  240  918 

£53  760  785 

.931  621  944 

.981  331  055 

.426 

.872  431  743 

.660  705  210 

.653  116  342 

.931  343  904 

.981  212  749 

.427 

.868  843  052 

.659  174  635 

.652  463  552 

.931  065  489 

.981  094  005 

.428 

.865  274  700 

.657  649  166 

.651  811  415 

.930  786  700 

.980  974  823 

.429 

.861  726  534 

.656  128  779 

.651  159  929 

.930  507  539 

.980  855  202 

.430 

.858  198  401 

.654  613  447 

.650  509  095 

.930  228  005 

.980  735  143 

.431 

.854  690  149 

.653  103  147 

.649  858  911 

.929  948  101 

.980  614  644 

.482 

.851  201  630 

.651  597  853 

.649  209  377 

.929  667  827 

.980  493  706 

.433 

.847  732  695 

.650  097  540 

.648  560  492 

.929  387  185 

.980  372  328 

.434 

.844  283  197 

.648  602  184 

.647  912  255 

.929  106  174 

.980  250  510 

.435 

.840  852  991 

.647  111  761 

.647  264  667 

.928  824  797 

.980  128  251 

.436 

.837  441  933 

.645  626  246 

.646  617  726 

.928  543  054 

.980  005  552 

.437 

.834  049  878 

.644  145  617 

.645  971  431 

.928  260  947 

.979  882  412 

.438 

.830  676  688 

.642  669  848 

.645  325  783 

.927  978  476 

.979  758  831 

.439 

.827  322  222 

.641  198  916 

.644  680  7H0 

.927  695  642 

.979  634  808 

.440 

.823  986  341 

.639  732  798 

.644  036  421 

.927  412  446 

.979  510  344 

.441 

.820  668  908 

.638  271  470 

.643  392  707 

.927  128  890 

.979  385  437 

.442 

.817  369  787 

.636  814  909 

.642  749  635 

.926  844  974 

.979  260  088 

.443 

.814  088  842 

.635  363  093 

.642  107  207 

.926  560  700 

.979  134  297 

.444 

.810  825  941 

.633  915  998 

.641  465  421 

.926  276  068 

.979  008  063 

.445 

.807  580  952 

.632  473  601 

.640  824  276 

.925  991  079 

.978  881  385 

.446 

.804  353  742 

.631  035  881 

.640  183  772 

.925  705  734 

.978  754  264 

.447 

.801  144  184 

.629  602  814 

&39  543  908 

.925  420  035 

.978  626  699 

.448 

.797  952  147 

.628  174  380 

.638  904  684 

.925  133  981 

.978  498  691 

.449 

.794  777  505 

.626  750  554 

.638  266  099 

.924  847  577 

.978  370  238 

.450 

.791  620  132 

.625  331  316 

.637  628  152 

.924  560  820 

.978  241  340 

[miller  a  rosebbugh]     VALUES  OF  FUNCTIONS  INVOLVING  erx  89 

TABLE  I 


X 


.450 
.451 
.452 
.453 
.454 

.455 
.456 
.457 

.458 
.459 

.460 
.461 
.462 
.463 
.464 

.465 
.466 
.467 
.468 
469 

.470 
.471 
472 
.473 
.474 


OB  00  0£  CD  00 

fe*  d.t  fj^Ldx  I  e-*  dx  J  xer*  dx  j  x*er*dx 

x      X2  x       X  x  x                          ■    * 

0.791620  132  0.625  331316  0.637  628  152  0.924  560  820  1.978  241340 

.788  479  902  .623  916  014  .636  990  842  .924  273  712  .978  111  998 

.785  356  691  .622  506  516  .636  354  170  .923  986  254  .977  982  211 

.782  250  378  .621  J00  910  .635  718  134  .923  698  448  .977  851  979 

.779  160  840  .619  699  806  .635  082  733  .923  410  294  .977  721  301 

.776  087  956  .618  303  182  .634  447  968  .923  121  793  .977  590  177 

.773  031  608  .616  911  017  .633  813  837  .922  832  947  .977  458  608 

.769  991  677  .615  523  290  .633  180  340  .922  543  756  .977  326  592 

.766  968  047  .614  139  980  .632  547  476  .922  254  220  .977  194  129 

.763  960  699  .612  761  067  .631  915  245  .921  964  312  .977  061  220 

.760  969  221  .611  386  530  .631  283  646  .921  674  122  .976  927  864 

.757  993  797  .610  016  349  .630  652  677  .921  383  562  .976  794  061 

.755  034  215  .608  650  503  .630  022  340  .921  092  661  .976  659  809 

.752  090  363  .607  288  973  .629  392  633  .920  801  421  .976  525  112 

.749  162  129  .605  931  738  .628  763  554  .920  509  844  .976  389  966 

.746  249  405  .604  578  778  .628  135  105  .920  217  929  .976  254  371 

.743  352  080  .603  230  075  .627  507  284  .919  925  678  .976  118  329 

.740  470  047  .601  885  607  .626  880  090  .919  633  093  .975  981  837 

.737  603  198  .600  545  357  .626  253  524  .919  340  173  .975  844  897 

.731  751  428  .599  209  304  .625  627  583  .919  016  919  .975  707  508 

.731  914  631  .597  877  429  .625  002  268  .918  753  334  .975  569  670 

.729  092  703  .596  549  714  .624  377  578  .918  459  418  .975  431  382 

.726  285  542  .595  226  138  .623  753  513  .918  165  171  .975  292  645 

.723  493  044  .593  906  684  .623  130  071  .917  870  595  .975  153  457 

.720  715  107  .592  591  333  .622  507  253  .917  575  690  .975  013  820 


.475 

.717  951  &33 

.591  280  065 

.621  885  056 

.917  280  458 

.974  873  732 

.476 

.715  202  520 

.589  972  863 

.621  263  482 

.916  984  900 

.974  733  194 

.477 

.712  467  670 

.588  609  708 

.620  642  529 

.916  689  016 

.974  592  206 

.478 

.709  746  985 

.587  370  582 

.620  022  197 

.916  392  807 

.974  450  766 

.479 

.707  040  367 

.586  075  467 

.619  402  485 

.916  096  275 

.974  308  875 

.480 

.704  347  722 

.584  784  344 

.618  783  392 

.915  799  420 

.974  166  533 

.481 

.701  668  952 

.583  497  197 

.618  164  918 

.915  502  243 

.974  023  740 

.482 

.699  003  964 

.582  214  006 

.617  547  062 

.915  204  746 

.973  880  495 

.483 

.096  352  664 

.580  934  755 

.616  929  823 

.914  906  928 

.973  736  798 

.484 

.693  714  959 

.579  659  425 

.616  313  202 

.914  608  792 

.973  592  649 

.485 

.691  090  756 

.578  388  000 

.615  697  197 

.914  310  337 

.973  448  047 

.486 

.68H  479  965 

.577  120  462 

.615  081  807 

.914  011  566 

.973  302  9**4 

.487 

.685  882  493 

.575  856  794 

.614  467  033 

.913  712  478 

.973  157  488 

.488 

.683  298  254 

.574  596  978 

.613  852  873 

.913  413  075 

.973  Oil  529 

.489 

.680  727  155 

.573  340  998 

.613  239  327 

.913  113  358 

.972  865  117 

.490 

.678  169  111 

.572  088  836 

.612  626  394 

.912  813  327 

.972  718  252 

.401 

.675  624  033 

.570  840  476 

.612  014  074 

.912  512  984 

.972  570  934 

.492 

.673  091  833 

.569  5&5  902 

.611  402  366 

.912  212  330 

.972  423  162 

.493 

.670  572  428 

.568  355  095 

.610  791  289 

.911  911  365 

.972  274  937 

.494 

.668  065  730 

.567  118  041 

'.610  180  783 

.911  610  089 

.972  126  257 

.495 

.665  571  656 

.565  884  722 

.609  570  907 

.911  308  506 

.971  977  124 

.496 

.663  090  121 

.564  655  123 

.608  961  641 

.911  006  615 

.971  827  537 

.497 

.660  621  043 

.563  429  226 

.608  a52  984 

.910  704  417 

.971  677  496 

.498 

.658  164  338 

.562  207  017 

.607  744  935 

.910  401  912 

.971  527  000 

.499 

.655  719  926 

.560  988  478 

.607  137  494 

.910  099  103 

.971  376  049 

.500 

653  287  724 

.559  773  595 

.606  530  660 

.909  795  990 

.971  224  644 

90 
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TABLE  I 


X 


OS 


/ 


dx 


00 

/■=■ 


dx 


00 

/ 


er*  dx 


00 


jre~3  e&r 


/ 


&er*dx 


.500  0.653  287  724 

.501  .650  867  653 

.502  .648  450  634 

.503  .646  063  586 

.504  .643  679  432 

.505  .641  307  003 

.506  .638  946  493 

.507  .636  597  555 

.508  .634  260  204 

.509  .631  934  363 

.510  .629  619  959 

.511  .627  316  918 

.512  .625  025  166 

.513  .622  744  630 

.514  .620  475  239 

.515  .618  216  919 

.516  .615  969  602 

.517  613  733  216 

.518  .611  507  601 

.519  .609  292  958 

.520  .607  088  948 

.521  .604  895  594 

.522  .602  712  828 

.523  .600  540  580 

.524  .598  378  788 

.525  .596  227  384 

.526  .594  086  301 

.527  .591  955  476 

.528  .589  834  845 

.529  .587  724  341 

.530  .585  623  904 

.531  .583  533  460 

.532  .581  452  976 

.533  .579  382  360 

.534  .577  321  561 

.535  .575  270  519 

.536  .573  229  172 

.537  .571  197  459 

.538  .569  175  324 

.539  .567  162  705 

.540  .565  159  544 

.541  .563  165  784 

.542  .561  181  367 

.543  .559  206  234 

.544  .557  240  330 

.545  .555  283  598 

.546  .553  335  981 

.547  .551  397  425 

.548  .549  467  875 

.649  .547  547  276 


0.559  773  595 
.558  562  351 
.557  354  730 
.556  150  717 
.554  950  296 

.553  753  452 
.552  560  170 
.551  370  434 
.550  184  229 
.549  001  540 

.547  822  352 
.546  646  650 
.545  474  420 
.544  305  646 
.543  140  314 

.541  978  410 
.540  819  919 
.539  664  826 
.538  513  118 
.537  364  780 

.536  219  798 
.535  078  158 
.533  939  845 
.532  804  848 
.531  673  150 

.530  544  739 
.529  419  601 
.528  297  723 
.527  179  090 
.526  063  691 

.524  951  510 
.523  842  536 
.522  736  754 
.521  634  152 
.520  534  717 

.519  438  435 
.518  345  294 
.517  255  282 
.516  168  384 
.515  084  590 

.514  003  886 
.512  926  259 
.511  851  607 
.510  780  188 
.509  711  720 

.508  646  280 
.507  583  857 
.506  524  437 
.505  468  000 
.504  414  661 


0.606  530  660 
.605  924  432 
.605  318  811 
.604  713  794 
.604  109  383 

.603  505  575 
.602  902  372 
.602  299  770 
.601  697  772 
.601  096  375 

.600  495  579 
.599  895  383 
.599  295  788 
.598  696  792 
.598  098  394 

.597  500  595 
.596  903  393 
.596  306  788 
.595  710  779 
.595  115  366 

.594  520  548 
.593  926  325 
.593  332  695 
.592  739  659 
.592  147  216 

.591  555  364 
.590  964  105 
.590  373  436 
.589  783  358 
.589  193  869 

.588  604  970 
.588  016  659 
.587  428  936 
.586  841  801 
.586  255  252 

.585  669  290 
.585  083  914 
.584  499  122 
.583  914  915 
.583  331  292 

.582  748  252 
.582  165  795 
.581  583  921 
.581  002  627 
.580  421  915 

.579  841  783 
.579  262  231 
.578  683  250 
.578  104  865 
.577  527  049 


0.909  795  990 
.900  492  573 
.909  188  854 

-.908  884  833 
.908  580  512 

.908  275  891 
.907  970  971 
.907  665  754 
.907  360  240 
.907  054  428 

.906  748  324 
.906  441  924 
.906  135  231 
.905  828  246 
.905  520  969 

.905  213  401 
.904  905  543 
.904  597  396 
.904  288  962 
.903  980  241 

.903  671  233 
.903  361  940 
.903  052  362 
.902  742  501 
.902  432  357 

.902  121  931 
.901  811  224 
.901  500  237 
.901  188  970 
.900  877  426 

.900  565  604 
.900  253  505 
.899  941  130 
.899  628  481 
.899  315  557 

.899  002  360 
.898  688  891 
.898  375  151 
.898  061  139 
.897  746  859 

.897  432  309 
.897  117  491 
.896  802  406 
.896  487  054 
.896  171  437 

.895  855  555 
.895  539  410 
.895  223  001 
.894  906  331 
.894  589  399 


1.971  224  644 
.971  072  784 
.970  920  469 
.970  767  698 
.970  614  473 

.970  460  791 
.970  306  655 
.970  152  062 
.969  997  013 
.969  841  509 

.969  685  548 
.969  529  131 
.969  372  257 
.969  214  927 
.969  057  141 

.968  898  897 
.968  740  196 
.968  581  037 
.968  421  424 
.968  261  352 

.968  100  822 
.967  939  835 
.967  778  390 
.967  616  487 
.967  454  127 

.967  291  309 
.967  128  032 
.966  964  297 
.966  800  104 
.966  635  453 

.966  470  343 
.966  304  775 
.966  138  748 
.965  972  262 
.965  805  317 

.965  637  913 
.965  470  051 
.965  301  729 
.965  132  948 
.964  963  707 

.964  794  008 
.964  623  849 
.964  453  230 
.964  282  152 
.964  110  614 

.963  938  616 
.963  766  159 
.963  593  242 
.963  419  864 
.963  246  027 


.660 


.545  635  574 


603  364  081 


.576  949  810 


.894  272  206 


.963  071  730 
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TABLE  I 


x 


.550 
.551 
.552 
.553 
.554 

.555 
.556 
.557 
.558 
.559 

.560 
.561 
.562 
.563 
.564 

.565 
.566 
.567 
.568 
.569 

.570 
.571 
.572 
.573 
.574 

.575 
.576 
.577 
.578 
.579 

.580 
.581 

.582 
583 

.584 

.585 
.586 
.587 
.588 
.589 

.590 
.591 
.592 
.593 
.594 

.595 
.596 
.597 
.598 
.599 

.600 


00  00  oo  00  00 

j  e~*  dx  JS!Ldx  J  er*  dx  f  xer*  dx  /'x*e-*dx 

x       X"  x       &  *  *  * 

0.545  635  574  0.503  364  081  0.576  949  810  0.894  272  206  1.963  071730 

.543  732  715  .502  316  557  .576  373  149  .893  954  754  .962  896  972 

.541  838  645  .501  271  978  .575  797  064  .893  637  043  .962  721  755 

.539  953  311  .500  230  332  .575  221  555  .893  319  074  .962  546  077 

.538  076  660  .499  191  608  .574  646  621  .893  000  848  .962  309  939 

.536  208  643  .498  155  792  .574  072  261  .892  6*2  366  .962  193  341 

.534  349  204  .497  122  875  .573  498  476  .892  363  629  .962  016  282 

.532  498  294  .496  092  844  .572  925  264  .892  044  636  .961  838  763 

.530  655  861  .495  065  689  .572  352  625  .891  725  390  .961  660  783 

.528  821  855  .494  041  398  .571  780  559  .891  405  891  .961  482  342 

.526  996  226  .493  019  959  .571  209  064  .891  086  140  .961  303  442 

.525  178  925  .492  001  361  .570  638  140  .890  766  137  .961  124  080 

.523  369  900  .490  985  594  .570  067  787  .890  445  884  .960  944  258 

.521  569  102  .489  972  647  .569  498  005  .890  125  381  .960  763  975 

.519  776  484  .488  962  507  .568  928  791  .889  604  629  .960  583  232 

.517  991  997  .487  955  165  .568  360  147  .889  483  630  .960  402  027 

.516  215  594  .486  950  609  .567  792  071  .889  162  383  .960  220  362* 

.514  447  225  .485  948  829  .567  224  562  .888  840  888  .960  038  236 

.512  686  843  .484  949  814  .566  657  621  .888  519  150  .959  855  649 

.510  934  404  .483  953  552  .566  091  247  .888  197  167  .950  672  601 

.509  189  858  .482  960  034  .565  525  439  .887  874  939  .959  489  093 

.507  453  161  .481  969  249  .564  960  196  .887  552  468  .959  305  123 

.505  724  265  .480  981  186  .564  395  518  .887  229  754  .959  120  692 

.504  003  126  .479  995  835  .563  831  405  .886  906  800  .958  935  801 

.502  289  698  .479  013  185  .563  267  855  886  583  604  .958  750  448 

.500  583  937  .478  033  226  .562  704  869  .886  260  168  .958  564  634 

.498  885  798  .477  055  947  .562  142  445  .885  936  494  .958  378  359 

.497  195  236  .476  081  339  .561  580  584  .885  612  580  .958  191  623 

.4&5  512  208  .475  109  390  .561  019  284  .885  288  429  .958  004  426 

.493  836  670  .474  140  092  .560  458  545  .884  964  042  .957  816  768 

.492  168  578  .473  173  433  .559  898  367  .884  639  419  .957  628  649 

.490  507  890  .472  209  404  .559  338  748  .884  314  560  .957  440  068 

.488  854  563  .471  247  995  .558  779  689  .883  989  468  .957  251  027 

.487  208  554  .470  289  196  .558  221  188  .883  664  140  .957  061  524 

.485  569  823  .469  332  996  .557  663  246  .883  338  582  .956  871  560 

.483  938  325  .468  379  387  .557  105  862  .883  012  791  .956  681  135 

.482  314  022  .467  428  358  .556  549  034  .882  686  769  .956  490  249 

.480  696  870  .466  479  899  .555  992  764  .882  360  515  .956  298  902 

.479  086  830  .465  534  001  .555  437  049  .882  034  032  .956  107  094 

.477  483  861  .464  590  654  .554  881  889  .881  707  322  .955  914  824 

.475  887  922  .463  649  849  .554  327  285  .881  380  383  .955  722  093 

.474  298  973  .462  711  576  .553  773  235  .881  053  216  .955  528  901 

.472  716  976  .461  775  825  .553  219  738  .880  725  823  .955  335  248 

.471  141  890  .460  842  587  .552  666  795  .880  398  204  .955  141  134 

.469  573  676  .459  911  853  .552  114  404  .880  070  360  .954  946  559 

.468  012  296  .458  983  613  .551  562  566  .879  742  292  .954  751  522 

.466  457  711  .458  057  858  .551  Oil  279  .879  414  001  .954  556  025 

.464  909  882  .457  134  579  .550  460  543  .879  085  487  .954  360  066 

.463  368  772  .456  213  766  .549  910  358  .878  756  752  .954  163  647 

.461  834  343  .455  295  410  .549  360  722  .878  427  795  .953  966  766 

.460  306  567  .454  379  503  .548  811  696  .878  096  618  .953  769  424 
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TABLE  I 


X 

CO 

x      Xr 

f**dx 

x       X 

00 

/  e~*  dx 

X 

00 

i  xer*  dx 

X 

00 

/  x2e~*dx 

X 

.600 
.601 
.602 
.603 
.604 

0.460  306  557 
.458  785  377 
.457  270  767 
.455  762  688 
.454  261  106 

0.454  379  503 
.453  466  035 
.452  554  997 
.451  646  381 
.450  740  176 

0.548  811  638 
.548  263  099 
.547  715  110 
.547  167  668 
.546  620  774 

0.878  098  618 
.877  769  221 
.877  439  606 
.877  109  772 
.876  779  722 

1.953  769  424 
.953  571  622 
.953  373  358 
.953  174  634 
.952  975  448 

.605 
.606 
.607 
.608 
.609 

.452  765  983 
.451  277  285 
.449  794  973 
.448  319  015 
.446  849  375 

.449  836  375 
.448  934  968 
.448  0:35  948 
.447  139  304 
.446  245  028 

.546  074  427 
.545  528  625 
.544  983  369 
.544  438  658 
.543  894  492 

.876  449  455 
.876  118  972 
.875  788  274 
.875  457  362 
.875  126  237 

.952  775  802 
.952  575  694 
.952  375  126 
.952  174  097 
.951  972  607 

.610 
.611 
.612 
.613 
.614 

.445  386  018 
.443  928  908 
.442  478  011 
.441  033  294 
.439  594  722 

.445  353  112 
.444  463  547 
.443  576  324 
.442  691  435 
.441  808  872 

.543  350  860 
.542  807  790 
.542  265  253 
.541  723  259 
•   .541  181  807 

.874  794  899 
.874  463  349 
.874  131  588 
.873  799  617 
.873  467  436 

.951  770  657 
.951  568  246 
.951  365  374 
.951  162  041 
.950  958  248 

.615 
•.616 
.617 
.618 
.619 

.438  162  262 
.436  735  879 
.435  315  540 
.433  901  214 
.432  492  866 

.440  928  625 
.440  050  687 
.439  175  060 
.438  301  704 
.437  430  641 

.540  640  895 
.540  100  525 
.539  560  604 
.539  021  403 
.538  482  651 

.873  1&5  046 
.872  802  448 
.872  469  642 
.872  136  630 
.871  803  412 

.950  753  994 
.950  549  280 
.950  344  106 
.950  138  471 
.949  932  375 

.620 
.621 
.622 
.623 
.624 

.431  090  465 
.429  693  978 
.428  303  372 
.426  918  615 
.425  539  677 

.436  561  854 
.435  695  333 
.434  831  072 
.433  969  062 
.433  109  294 

.537  944  438 
.537  406  762 
.536  869  624 
.536  333  023 
.535  796  958 

.871  469  989 
.871  136  361 
.870  802  530 
.870  468  496 
.870  134  259 

.949  725  820 
.949  518  804 
.949  311  327 
.949  103  391 
.948  894  995 

.625 
.626 
.627 
.628 
.629 

.424  166  525 
.422  799  127 
.421  437  455 
.420  081  476 
.418  731  158 

.432  251  761 
.431  396  455 
.430  543  367 
.429  692  490 
.428  843  817 

.53$  261  429 
.534  726  435 
.534  191  975 
.533  658  051 
.533  124  650 

.869  799  821 
.869  465  183 
.869  130  344 
.86H  795  305 
.868  460  070 

.948  686  138 
.948  476  822 
.948  267  045 
.948  056  809 
.947  846  113 

.630 
.631 
.632 
.633 
.634 

.417  386  473 
.416  047  389 
.414  713  878 
.413  385  908 
.412  063  451 

.427  997  338 
.427  153  047 
.426  310  935 
.425  470  995 
.424  633  219 

.532  591  801 
.532  059  475 
.531  527  682 
.530  996  420 
.530  465  689 

.868  124  636 
.867  789  004 
.867  453  177 
.867  117  154 
.866  780  936 

.947  634  957 
.947  423  342 
.947  211  266 
.946  998  732 
.946  785  738 

.635 
.63(5 
.637 
.638 
.639 

.410  746  477 
.409  434  956 
.408  128  861 
.406  828  160 
.405  532  827 

.423  797  599 
.422  964  128 
.422  132  798 
.421  303  602 
.420  476  532 

.529  935  488 
.529  405  818 
.528  876  677 
.528  348  064 
.527  819  980 

.806  444  523 
.Sm  107  918 
.865  771  118 
.865  434  129 
.865  096  948 

.946  572  284 
.946  358  371 
.946  143  P99 
.945  929  168 
.945  713  877 

.640 
.641 
.642 
.643 
.644 

.404  242  832 
.402  958  147 
.401  678  745 
.400  404  596 
.399  135  675 

.419  651  581 
.418  828  741 
.418  008  004 
.417  189  365 
.416  372  814 

.527  292  424 
.526  765  395 
.526  238  893 
.525  712  917 
.525  187  467 

.864  759  575 
.H64  422  014 
.864  084  262 
.863  746  323 
.863  408  196 

-945  498  128 
.945  281  919 
.945  065  252 
.944  848  126 
.944  630  541 

.645 
.646 
.647 
.648 
.649 

.397  871  953 
.396  613  402 
.395  359  995 
.394  111  706 
.392  868  507 

.415  558  345 
.414  745  951 
.413  935  624 
.413  127  357 
.412  321  144 

.524  662  542 
.524  138  142 
.523  614  266 
.523  090  913 
.522  568  084 

.863  069  882 
.862  731  381 
.862  392  695 
.862  053  825 
.861  714  770 

.944  412  498 
.944  193  996 
.943  975  035 
.943  755  616 
.943  535  739 

.650 

.391  630  373 

.411  516  976 

.522  045  777 

.861  375  532 

.943  315  404 
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TABLE  I 


X 


.650 
.661 
.652 
&53 
.654 

.655 
.656 
.657 
.658 
.659 

.660 
.661 
.662 
.663 
.664 

.665 
.666 
.667 
.6(58 
.669 

.670 
.671 
.672 
.673 
.674 

.675 
.676 
.677 

.678 
.679 

.680 
.681 
.682 
.683 
.684 

.685 
.686 
.687 
.688 
.689 

.690 
.691 
.692 
.693 
.694 

.695 
.696 
.697 
.698 
.699 

.700 


00  GO  00  00  00 

j%t*  d.c  fS^Ldx  J  C*  dx  fxe~x  dx  J  z2e-*dx 

x       X  x       %  x  *  x 

0.391  630  373  0.411  516  976  0.522  045  777  0.861  375  532  1.943  315  404 

.390  397  276  .410  714  847  .521  523  992  .861  036  111  .943  094  611 

.389  169  190  .409  914  750  .521  002  729  .860  696  508  .942  873  359 

.387  946  089  .409  116  677  .520  481  966  .860  356  723  .942  651  650 

.386  727  948  .408  320  622  .519  961  764  .860  016  758  .942  429  483 

.385  514  740  .407  526  577  .519  442  063  .859  676  614  .942  206  858 

.384  306  439  .406  734  537  .518  922  880  .859  336  290  .941  983  776 

.383  103  021  .405  944  493  .518  404  217  .858  995  787  .941  760  236 

.381  904  460  .405  156  439  .517  886  072  .858  655  107  .941  536  238 

.380  710  730  .404  370  369  .517  368  444  .858  314  249  .941  311  784 

.379  521  808  .403  586  275  .516  851  334  .857  973  215  .941  086  872 

.378  337  668  .402  804  150  .516  334  741  .857  632  006  .940  861  503 

.377  158  284  .402  023  989  .515  818  665  .857  290  621  .940  635  677 

.375  983  635  .401  245  783  .515  303  104  .856  949  062  .940  409  394 

.374  813  693  .400  469  528  .514  788  058  .856  607  329  .940  182  654 

.373  648  436  .399  695  215  .514  273  528  .856  265  424  .939  955  458 

.372  487  840  .398  922  838  .513  759  511  .855  923  346  .939  727  805 

.371  331  880  .398  152  391  .513  246  009  .855  581  096  .939  499  696 

.370  180  533  .397  383  867  .512  733  019  .855  238  676  .939  271  132 

.369  033  775  .396  617  260  .512  220  542  .854  896  065  .939  042  108 

.367  891  583  .395  852  563  .511  708  578  .854  553  325  .938  812  630 

.366  753  933  .395  089  770  .511  197  125  .854  210  396  .938  582  696 

.365  620  804  .394  328  874  .510  686  183  .853  867  299  .938  352  307 

.364  492  171  .393  569  868  .510  175  752  .853  524  033  .938  121  461 

.303  368  012  .392  812  747  .509  665  832  .853  180  602  .937  890  160 

.362  248  303  .392  057  505  .509  156  421  .852  837  005  .937  658  403 

.361  133  024  .391  304  134  .508  647  519  .852  493  241  .937  426  191 

.360  022  151  .390  552  628  .508  139  125  .852  149  313  .937  193  524 

.358  915  661  .389  802  982  .507  631  240  .851  805  220  .936  960  401 

.357  813  534  .389  055  189  .507  123  863  .851  460  966  .936  726  824 

.356  715  746  .388  309  243  .506  616  992  .851  116  547  .936  492  792 

.&55  622  277  .387  565  137  .506  110  629  .850  771  967  .936  258  305 

.354  533  103  .386  822  866  .505  604  771  .850  427  225  .936  023  363 

.353  448  205  .386  082  423  .505  099  419  .850  082  322  .935  787  967 

.352  367  560  .385  343  802  .504  594  572  .849  737  259  .935  552  116 

.351  291  147  .384  606  998  .504  090  230  .849  392  037  .935  315  812 

.350  218  945  .383  872  004  .503  586  391  .849  046  656  .935  079  053 

.349  150  934  .383  138  814  .503  083  057  .848  701  116  .934  841  840 

.348  087  090  .382  407  423  .502  580  225  .848  355  420  .934  604  174 

.347  027  396  .381  677  823  .502  077  896  .848  009  565  .934  366  054 

.345  971  829  .380  950  010  .501  576  069  .847  663  557  .934  127  480 

.344  920  369  .380  223  978  .501  074  744  .847  317  392  .933  888  453 

.343  872  996  .379  499  720  .500  573  919  .846  971  072  .933  648  973 

.342  829  689  .378  777  231  .500  073  596  .846  624  598  .933  409  039 

.341  790  430  .378  056  504  .499  573  772  .846  277  970  .933  168  653 

.340  755  196  .377  337  535  .499  074  448  .845  931  189  .932  927  814 

.339  723  969  .376  620  317  .498  575  623  .845  584  257  .932  686  522 

.338  696  729  .375  904  844  .498  077  297  .845  237  172  .932  444  778 

.337  673  456  .375  191  112  .497  579  468  .844  889  937  .932  202  581 

.336  654  131  .374  479  113  .497  082  137  .844  542  552  .931  959  933 

.335  638  734  .373  768  843  .496  585  304  .844  195  016  .931  716  832 
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TABLE  I 


X 


.700 
.701 
.702 
.703 
.704 

.705 
.706 
.707 
.708 
.709 

.710 
.711 
.712 
.713 
.714 

.715 
.716 
.717 
.718 
.719 

.720 
.721 
.722 
.723 
.724 

.725 
.726 
.727 
.728 
.729 

.730 
.731 
.732 
.733 
.734 

.735 
.736 
.737 
.738 
.739 

.740 
.741 
.742 
.743 
.744 

.745 
.746 
.747 
.748 
.749 


j 


CD 


dx 


>.2 


0.335  638  734 
.334  627  246 
,333  619  647 
.332  615  920 
.331  616  044 

330  620  002 
329  627  773 
328  639  342 
327  654  686 
326  673  790 

325  696  635 
324  723  202 
323  753  473 
322  787  433 
321  825  059 

320  866  339 
319  911  251 
318  959  779 
318  Oil  906 
317  067  614 

316  126  886 
315  189  705 
314  256  056 
313  325  918 
312  399  278 

311  476  118 
310  556  421 
309  640  170 
308  727  351 
307  817  945 

306  911  937 
306  009  312 
305  110  051 
304  214  142 
303  321  566 

302  432  309 
301  546  354 
800  663  687 
299  784  292 
298  908  153 

298  035  255 
297  165  584 
296  299  124 
295  435  860 
294  575  776 

293  718  860 
292  865  094 
292  014  466 
291  166  961 
290  322  663 


/ 


«-* 


dx 


0.373  768  843 
.373  060  296 
.372  353  467 
.371  648  348 
.370  944  936 

.370  243  224 
.369  543  208 
.368  844  880 
.368  148  237 
.367  453  273 

.366  759  981 
.366  068  358 
.365  378  397 
.364  690  092 
.364  003  440 

.363  318  433 
.362  635  068 
.361  953  339 
.361  273  240 
.360  594  767 

.359  917  914 
.359  242  676 
.358  569  047 
.357  897  024 
.357  226  600 

.356  557  770 
355  890  530 
.355  224  875 
.354  560  798 
.353  898  297 

.353  237  364 
.352  577  996 
.351  920  188 
.351  263  934 
.350  609  230 

.349  956  071 
.349  304  452 
.348  654  368 
.348  005  814 
.347  358  786 

.346  713  279 
.346  069  288 
.345  426  808 
.344  785  834 
344  146  363 

.343  508  388 
.342  871  907 
.342  236  013 
.341  603  402 
.340  971  370 


00 


er*  dv 


0.496  585  304 
.496  088  967 
.495  593  126 
.495  097  780 
.494  602  930 

.494  108  574 
.493  614  713 
.493  121  345 
.492  628  470 
.492  136  088 

.491  644  197 
.491  152  799 
.490  661  892 
.490  171  475 
.489  681  549 

.489  192  112 
.488  703  164 
.488  214  705 
.487  726  735 
.487  239  252 

.486  752  256 
.486  265  747 
.485  779  724 
.485  294  187 
.484  809  136 

.484  324  569 
.483  840  486 
.483  356  888 
.482  873  773 
.482  391  140 

.481  908  990 
.481  427  322 
.480  946  135 
.480  465  430 
.479  985  204 

.479  505  450 
.479  026  103 
.478  547  406 
.478  060  098 
.477  501  268 

.477  113  916 
.476  637  040 
.476  160  641 
.475  684  719 
.475  209  272 

.474  734  300 
.474  250  803 
.473  785  780 
.473  312  231 
.472  830  156 


00 

/ 


xer*  dx 


0.844  105  016 
.843  847  332 
.843  400  600 
.843  151  520 
.842  803  303 

.842  455  110 
.842  106  700 
.841  758  134 
.841  400  425 
.841  060  573 

.840  711  578 
.840  362  438 
.840  013  150 
.830  663  737 
.830  314  174 

.838  064  472 
.838  614  630 
.838  264  648 
.837  014  530 
.837  564  274 

.837  213  880 
.836  863  351 
.836  512  685 
.836  161  885 
.835  810  050 

.835  450  882 
.835  108  680 
.834  757  345 
.834  405  878 
.834  054  281 

.833  702  553 
.833  350  604 
.832  008  706 
.832  646  580 
.832  204  344 

.831  041  071 
.831  580  471 
.831  236  845 
.830  884  003 
.830  531  215 

.830  178  213 
.820  825  087 
.820  471  837 
.820  118  465 
.828  764  070 

.828  411  352 
.828  057  616 
.827  703  757 
.827  340  780 
.826  005  683 


/ 


x2e~*  dx 


1.031  716  832 
.031  473  270 
.031  220  275 
.030  084  810 
.930  730  011 

.030  404  552 
.030  248  743 
.030  002  482 
.020  755  770 
.020  508  608 

.020  260  005 
.020  012  032 
.028  764  410 
.028  515  456 
.028  266  043 

.928  016  181 
.027  765  860 
.027  515  108 
.027  263  807 
.027  012  238 

.026  760  130 
.026  507  573 
.026  254  568 
.026  001  115 
.025  747  214 

.025  402  864 
.025  238  068 
.024  082  823 
.024  727  131 
.024  470  002 

.024  214  407 
.023  057  374 
.023  600  805 
.023  441  060 
.023  183  597 

.022  024  770 
.022  665  515 
.022  405  806 
.022  145  651 
.021  885  051 

.021  624  006 
.021  362  516 
.021  100  582 
.020  838  202 
.020  575  379 

.020  312  112 
.020  048  400 
.010  784  245 
.910  510  647 
.010  254  605 


.750 


.280  481  257 


.940  340  813    .472  366  553 


.826  641  467 


.018  080  121 
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TABLE  I. 


X 


.750 
.751 
.752 
.753 
.754 

.755 
.756 
.757 

.758 
.759 

.760 
.761 
762 
.763 
.764 

.765 
.766 
.767 
.768 
.769 

.770 
.771 
.772 
.773 

.774 

.775 
.776 
.777 
.778 
.779 

.780 
.781 
.782 
.783 

.784 

.785 
.786 
.787 
.788 
.789 

.790 
.791 
.792 
.793 
.794 

.795 
.796 
.797 
.798 
.799 

.800 


CO 


dx 


0.289  481  257 
.288  643  032 
.287  807  871 
.286  975  761 
.286  146  688 

.285  320  638 
.284  497  595 
.283  677  549 
.282  860  483 
.282  016  385 

.281  235  241 
.280  427  037 
.279  621  760 
.278  819  397 
.278  019  933 

.277  223  357 
.276  429  656 
. 275  638  815 
.274  850  821 
.274  065  663 

.273  283  327 
.272  503  800 
.271  727  070 
.270  953  123 
.270  181  948 

.269  413  533 
.268  647  863 
.267  884  927 
.267  124  714 
.266  367  210 

.265  612  404 
.264  860  284 
.264  110  836 
.263  364  049 
.262  619  913 

.261  878  415 
.261  139  542 
.260  403  284 
.259  669  629 
.258  938  564 

.258  210  079 
.257  484  162 
.256  760  802 
.256  039  989 
.255  321  708 

.254  605  952 
.253  892  707 
.253  181  962 
.252  473  709 
.251  767  934 

.251  064  627 


0.340  340  813 
.339  711  725 
.339  084  102 
.338  457  940 
.337  833  233 

.337  209  978 
.336  588  171 
.335  967  805 
.335  348  878 
.334  731  385 

.334  115  321 
.333  500  682 
.332  887  464 
.332  275  662 
.331  665  273 

.331  050  291 
.330  448  712 
.329  842  532 
.329  237  748 
.328  634  354 

.328  032  346 
.327  431  721 
.326  832  474 
.326  234  601 
.325  638  1)97 

.325  042  959 
.324  449  183 
.323  856  764 
.323  205  698 
.322  675  982 

.322  087  610 
.321  500  580 
.320  914  887 
.320  330  528 
.319  747  497 

.319  165  791 
.318  585  407 
.318  006  340 
.317  428  586 
.316  852  142 

•316  277  004 
.315  703  167 
315  130  628 
.314  559  382 
.313  989  428 

.313  420  750 
.312  853  373 
.312  287  266 
.311  722  433 
.311  158  872 

.310  506  578 


/ 


er*  dx 


00 


0.472  366  553 
.471  894  422 
.471  422  764 
.470  951  577 
.470  480  860 

.470  010  615 
.469  540  839 
.469  071  533 
.468  602  696 
.468  134  327 

.467  666  427 
.467  198  994 
.466  732  029 
.466  265  530 
.465  799  498 

.465  333  931 
.464  868  830 
.464  404  193 
.463  940  021 
.463  476  313 

.463  013  068 
.462  550  287 
.462  087  968 
.461  626  111 
.461  164  715 

.460  703  781 
.460  243  307 
.459  783  294 
.459  323  741 
.458  864  647 

.458  406  011 
.457  947  834 
.457  490  115 
Aol  032  854 
.456  576  050 

.456  119  702 
.455  663  810 
.455  208  374 
.454  753  393 
.454  298  867 

.453  844  795 
.453  391  177 
.452  938  013 
.452  485  301 
.452  033  042 

.451  581  235 
.451  129  879 
.450  678  975 
.450  228  521 
.449  778  518 

.449  328  964 


xerx  dx 


0.826  641  467 
.826  287  133 
.825  932  681 
.825  578  114 
.825  223  429 

.824  868  629 
.824  513  713 
.824  158  683 
.823  803  538 
.823  448  282 

.823  092  912 
.822  737  429 
.822  381  835 
.822  026  130 
.821  670  314 

.821  314  388 
.820  958  353 
.820  602  209 
.820  245  957 
.819  889  598 

.819  533  131 
.819  176  558 
.818  819  879 
.818  463  094 
.818  106  205 

.817  749  211 
.817  392  114 
.817  034  913 
.816  677  611 
.816  320  206 

.815  962  700 
.815  605  093 
.815  247  386 
.814  889  579 
.814  531  672 

.814  173  668 
.813  815  565 
813  457  364 
.813  099  066 
.812  740  673 

.812  382  184 
.812  023  599 
.811  664  919 
.811  306  145 
.810  947  277 

.810  588  317 
.810  229  263 
.809  870  118 
.809  510  881 
.809  151  554 

.808  792  135 


J 


3 


x2e-*dx 


1.918  989  121 
.918  723  193 
.918  456  823 
.918  190  010 
.917  922  755 

.917  655  058 
.917  386  920 
.917  118  339 
.916  849  318 
.916  579  855 

.916  309  952 
.916  039  607 
.915  768  822 
.915  497  597 
915  225  931 

.914  953  826 
.914  681  281 
.914  408  297 
.914  134  874 
.913  861  011 

.913  586  710 
.913  311  970 
.913  036  792 
.912  761  176 
.912  485  122 

.912  208  631 
.911  931  702 
.911  654  336 
.911  376  533 
.911  098  294 

.910  819  618 
.910  540  505 
.910  260  957 
.909  980  974 
909  700  553 

.909  419  099 
.909  138  409 
.908  856  684 
.908  574  525 
.908  291  931 

.908  008  904 
.907  725  442 
.907  441  547 
.907  157  219 
.906  872  458 

.906  587  263 
.906  301  696 
.906  015  578 
.905  729  086 
.905  442  163 

.905  154  808 
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TABLE  I 


X 


oo  eo  a  qo  oe 

J  —dx         f—**         J %er*  **  fxr*dx       j 


x2er*  dx 


x2  Z     X 


.800  0.251  064  027  0.310  506  578  0.449  328  964  0.808  792  135  1.905  154  808 

.801  .250  363  777  .310  035  549  .448  879  860  .808  432  627  .904  867  022 

.802  .249  665  373  .309  475  779  .448  431  204  .808  073  030  .904  578  804 

.803  .248  969  406  .308  917  265  .447  982  997  .807  713  344  .904  290  156 

.804  .248  275  864  .308  360  004  .447  535  238  .807  353  570  .904  001  078 

.805  .247  584  737  .307  803  992  .447  087  927  .806  993  708  .903  711  568 

.806  .246  896  013  .307  249  225  .446  641  062  .806  633  758  .903  421  629 

.807  .246  209  683  .306  695  700  .446  194  644  .806  273  722  .903  131  260 

.808  .245  525  736  .306  143  413  .445  748  673  .805  913  600  .902  840  462 

.809  .244  844  162  .305  592  361  .445  303  147  .805  553  393  .902  549  234 

.810  .244  164  950  .305  042  539  .444  858  066  .805  193  100  .902  257  577 

.811  .243  488  091  .304  493  944  .444  413  431  .804  832  723  .901  965  491 

.812  .242  813  573  .303  946  574  .443  969  239  .804  472  261  .901  672  977 

.813  .242  141  387  .303  400  423  .443  525  492  .804  111  717  .901  380  034 

.814  .241  471  523  .302  855  489  .443  082  188  .803  751  088  .901  086  664 

.815  .240  803  971  .302  311  768  .442  639  327  .903  390  379  .900  792  866 

.816  .240  138  721  .301  769  256  .442  196  909  .803  029  587  .900  498  640 

.817  .239  475  762  .301  227  951  .441  754  933  .802  668  714  .900  203  987 

.818  .238  815  085  .300  687  848  .441  313  399  .802  307  760  .899  908  907 

.819  .238  156  680  •   .300  148  944  .440  872  306  .801  946  726  .899  613  400 

.820  .237  500  539  .299  611  235  .440  431  655  .801  585  611  .899  317  467 

.821  .236  846  649  .299  074  719  .439  991  443  .801  224  418  .899  021  108 

.822  .236  195  002  .298  539  392  .439  551  671  .800  863  145  .898  724  322 

.823  .235  545  589  .298  005  249  .439  112  340  .800  501  795  .898  427  112 

.824  .234  898  399  .297  472  289  .438  673  447  .800  140  367  .898  129  475 

.825  .234  253  423  .296  940  507  .438  234  992  .799  778  861  .897  831  414 

.826  .233  610  653  .296  409  900  .437  796  977  .799  417  279  .897  532  927 

.827  .232  970  077  .295  880  465  .437  359  398  .799  055  621  .897  234  018 

.828  .232  331  688  .295  352  198  .436  922  258  .798  693  887  .896  934  683 

.829  .231  695  475  .294  825  096  .436  485  554  .798  332  078  .896  634  924 

.830  .231  061  431  .294  299  155  .436  049  286  .797  970  194  .896  334  741 

.831  .230  429  544  .293  774  373  .435  613  455  .797  608  236  .896  034  135 

.832  .229  799  806  .293  250  746  .435  178  050  .797  246  205  .895  733  106 

.833  .229  172  208  .292  728  271  .434  743  099  .796  884  100  .895  431  fc54 

.834  .228  546  741  .292  206  944  .434  308  573  .796  521  923  .895  129  779 

.835  .227  923  394  .291  686  763  .433  874  481  .796  150  673  .894  827  482 

.836  .227  302  162  .291  167  723  .433  440  824  .795  797  352  .894  524  763 

.837  .226  683  033  .290  649  822  .433  007  600  .795  434  959  .894  221  622 

.838  .226  065  999  .290  133  056  432  574  808  .795  072  498  .893  918  060 

.839  .225  451  051  .289  617  423  .432  142  450  .794  709  965  .893  614  076 

.840  .224  838  181  .289  102  918  .431  710  523  .794  347  363  .893  309  672 

.841  .224  227  380  .288  589  539  .431  279  029  .793  984  692  .893  004  846 

.842  .223  618  638  .288  077  283  .430  847  965  .793  621  952  .892  699  601 

.843  .223  011  946  .287  566  147  .430  417  333  .793  259  144  .892  393  935 

.844  .222  407  299  .287  056  126  .429  987  130  .792  896  268  .892  087  850 

.845  .221  804  684  .286  547  219  .429  557  358  .792  533  326  .891  781  344 

.846  .221  204  096  .286  039  421  .429  128  016  .792  170  317  .891  474  420 

.847  .220  605  524  .285  532  731  .428  699  102  .791  807  241  .891  167  077 

.848  .220  008  961  .285  027  144  .428  270  617  .791  444  101  .890  859  315 

.849  .219  414  399  .284  522  657  .427  842  561  .791  080  894  .890  551  135 

.860  .218  821  828  .284  019  268  .427  414  932  .790  717  624  .890  ?42  537 
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TABLE  I 


X 

00 

x       X" 

00 

f*"  dr 

x       X 

00 

/  er*  dx 

X 

00 

J  xer*  dx 

X 

00 

j  x2e-*dx 

X 

.850 

0.218  821  828 

0.284  019  268 

0.427  414  932 

0.790  717  624 

1.890  242  537 

.851 

.218  231  241 

.283  516  974 

.426  987  731 

.790  354  290 

.889  933  520 

.852 

.217  642  628 

.283  015  771 

.426  560  956 

.789  990  891 

.889  624  087 

.853 

.217  055  984 

.282  515  656 

.421}  134  609 

.789  627  430 

.889  314  236 

.854 

.216  471  297 

.282  016  627 

.425  708  687 

.789  263  906 

.889  003  968 

.855 

.215  888  562 

.281  518  679 

.425  283  191 

.788  900  319 

.888  693  284 

.856 

.215  307  769 

.281  021  811 

.424  858  120 

.788  536  672 

.888  382  183 

.857 

.214  728  911 

.280  526  019 

.424  433  475 

.788  172  963 

.888  070  666 

.858 

.214  151  979 

.280  031  300 

.424  009  253 

.787  809  193 

.887  758  734 

.850 

.213  576  965 

.279  537  652 

.423  585  456 

.787  445  363 

.887  446  385 

.860 

.213  003  863 

.279  045  070 

.423  162  082 

.787  081  473 

.887  133  622 

.861 

.212  432  663 

.278  553  553 

.422  739  132 

.786  717  524 

.886  820  444 

.862 

.211  863  358 

.278  063  097 

.422  316  604 

.786  353  516 

.886  506  852 

.863 

.211  295  940 

.277  573  699 

.421  894  498 

.785*989  451 

.886  192  845 

.864 

.210  730  402 

.277  085  356 

.421  472  815 

.785  625  327 

.885  878  424 

.865 

.210  166  735 

.276  598  066 

.421  051  553 

.785  261  145 

.885  563  589 

.866 

.209  604  931 

.276  111  826 

.420  630  712 

.784  896  908 

.885  248  341 

.867 

.299  044  984 

.275  626  632 

.420  210  291 

.784  532  613 

.884  932  680 

.868 

.208  486  885 

.275  142  482 

.419  790  291 

.784  168  263 

.884  616  607 

.860 

.207  930  628 

.274  659  372 

.419  370  710 

.783  803  858 

.884  300  120 

.870 

.207  376  204 

.274  177  301 

.418  951  549 

.783  439  397 

.883  983  222 

.871 

.206  823  606 

.273  696  264 

.418  532  807 

.783  074  882 

.883  665  912 

.872 

.206  272  827 

.273  216  260 

.418  114  483 

.782  710  313 

.883  348  190 

.873 

.205  723  858 

.272  737  285 

.417  696  578 

.782  345  690 

.883  030  056 

.874 

.205  176  693 

.272  259  337 

.417  279  090 

.781  981  015 

.882  711  £12 

.875 

.204  631  325 

.271  782  412 

.416  862  020 

.781  616  287 

.882  392  558 

.876 

.204  087  744 

.271  306  509 

.416  445  366 

.781  251  507 

.882  073  193 

.877 

.203  545  947 

.270  831  623 

.416  029  129 

.780  886  675 

.881  753  417 

.878 

.203  005  924 

.270  357  752 

.415  613  308 

.780  521  792 

.881  433  232 

.879 

.202  467  667 

.269  884  895 

.415  197  902 

.780  156  858 

.881  112  638 

.880 

.201  931  172 

.269  413  046 

.414  782  912 

.779  791  874 

.880  791  635 

.881 

.201  396  428 

.268  942  205 

.414  368  336 

.779  426  840 

.880  470  222 

.882 

.200  863  431 

.268  472  368 

.413  954  175 

.779  061  757 

.880  148  402 

.883 

.200  332  173 

.268  003  532 

.413  540  428 

.778  696  625 

.879  826  173 

.884 

.199  802  645 

.267  535  696 

.413  127  094 

.778  331  445 

-.879  503  536 

.885 

.199  274  844 

.267  068  855 

.412  714  173 

.777  966  217 

.879  180  492 

.886 

. 198  748  760 

.266  603  007 

.412  301  665 

.777  600  941 

.878  857  040 

.887 

. 198  224  386 

.266  138  150 

.411  889  570 

.777  235  618 

.878  533  181 

.888 

. 197  701  717 

.265  674  281 

.411  477  886 

.776  870  249 

.878  208  916 

.889 

.197  180  744 

265  211  398 

.411  066  614 

.776  504  834 

.877  884  245 

.890 

.196  661  462 

.264  749  496 

.410  655  753 

.776  139  373 

.877  559  167 

.891 

.196  143  863 

.264  288  575 

.410  245  302 

.775  773  867 

.877  233  684 

.892 

.195  627  941 

.263  828  631 

.409  835  262 

.775  408  316 

.876  907  795 

.893 

.195  113  689 

.263  369  661 

.409  425  632 

.775  042  721 

.876  581  502 

.894 

. 194  601  101 

.262  911  663 

.409  016  411 

.774  677  082 

.876  254  803 

.895 

.194  090  169 

.262  454  634 

.408  607  599 

. 774  311  399 

.875  927  701 

.896 

.193  580  887 

.261  998  572 

.408  199  195 

.773  945  674 

.875  600  194 

.897 

.193  073  248 

.261  543  475 

.407  791  200 

.773  579  907 

.875  272  283 

.898 

.192  567  246 

.261  069  338 

.407  383  613 

.773  214  097 

.874  943  909 

.899 

.192  062  874 

.260  636  161 

.406  976  433 

.772  848  246 

.874  615  252 

.900 

.191  560  127 

.260  183  939 

.406  569  660 

.772  482  353 

.874  286  132 
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TABLE  I 


x 


GO 


dx 


rt> 


J 


tr* 


dx 


X 


go 


er*  dv 


00 

/ 


xer*  dx 


00 


J 


x2e-*  dx 


.900  0.191  560  127 

.901  .191  058  996 

.902  .190  559  478 

.903  .190  061  563 

.904  489  565  246 

.905  .189  070  521 

.906  .188  577  382 

.907  .188  085  822 

.908  .187  595  834 

.909  .187  107  414 

.910  .186  620  554 

.911  .186  135  249 

.912  .185  651  492 

.913  .185  169  277 

.914  .184  688  598 

.915  .184  209  449 

.916  .183  731  824 

.917  .183  255  717 

.918  .182  781123 

.919  .182  308  033 

.920  181  836  446 

.921  .181  366  352 

.922  .180  897  747 

.923  .180  430  624 

.924  .179  964  979 

.925  .179  600  801 

.926  .179  038  095 

.927  .178  576  846 

.928  .178  117  051 

.929  .177  658  704 

.930  .177  201  800 

.931  .176  746  334 

.932  .176  292  299 

.933  .175  839  691 

.934  .175  388  503 

.935  .174  938  729 

.936  .174  490  366 

.937  .174  043  406 

.938  .173  597  846 

.939  .173  153  680 

.940  .172  710  900 

.941  .172  269  505 

.942  .171  829  485 

.943  .171  390  839 

.944  .170  953  558 

.945  .170  517  640 

.946  .170  083  078 

.947  .169  649  867 

.948  .169  218  003 

.949  .168  787  478 


0.260  183  939 
.259  732  672 
.259  282  355 
.258  832  987 
.258  384  565 

.257  937  087 
.257  490  549 
.257  044  950 
.256  600  287 
.256  156  557 

.255  713  758 
.255  271  887 
.254  830  942 
#254  390  921 
.253  951  821 

.253  513  640 
.253  076  374 
.252  640  023 
.252  204  582 
.251  770  051 

.251  336  425 
.250  903  704 
.250  471  884 
.250  040  964 
.249  610  940 

.249  181  811 
.248  753  574 
.248  326  227 
.247  899  767 
.247  474  193 

.247  049  501 
.246  625  689 
.246  202  756 
.245  780  698 
.245  359  514 

.244  939  202 
.244  519  758 
.244  101  181 
.243  683  468 
.243  266  617 

.242  850  627 
.242  435  493 
.242  021  216 
.241  607  791 
.241  195  218 

.240  783  493 
.240  372  615 
.239  962  581 
.239  553  389 
.239  145  038 


0.406  569  660 
.406  163  293 
.405  757  333 
.405  351  778 
.404  946  629 

.404*541  885 
.404  137  545 
.403  733  610 
.403  330  078 
.402  926  950 

.402  524  224 
.402  121  901 
.401  719  980 
.401  318  461 
.400  917  343 

.400  516  626 
.400  116  310 
.399  716  393 
.399  316  877 
.396  917  759 

.398  519  041 
.398  120  721 
.397  722  800 
.397  325  276 
.396  928  149 

.396  531  419 
.396  135  086 
.395  739  149 
.395  343  607 
.394  948  461 

.394  553  710 
.394  159  354 
.393  765  392 
.393  371  823 
.392  978  648 

.392  585  866 
.392  193  476 
.391  801  478 
.391  409  873 
.391  018  659 

.390  627  835 
.390  237  403 
.389  847  360 
.389  457  708 
.389  068  445 

.388  679  571 
.388  291  086 
.387  902  989 
.387  515  279 
.387  127  958 


0.772  482  353 
.772  116  421 
.771  750  447 
.771  384  434' 
.771  018  382 

.770  652  291 
.770  286  162 
.769  919  994 
.769  553  789 
.769  187  547 

.768  821  268 
.768  454  953 
.768  088  602 
.767  722  216 
.767  355  795 

.766  989  339 
.766  622  849 
.766  256  326 
.765  889  770 
.765  523  180 

.765  156  559 
.764  789  905 
.764  423  221 
.764  056  505 
.763  689  758 

.7fr3  322  982 
.762  956  175 
.762  589  340 
.762  222  475 
.761  855  581 

.701  488  661 
.761  121  712 
.760  754  736 
.760  387  734 
.760  020  705 

.759  653  649 
.759  286  569 
.758  919  464 
.758  552  333 
.758  185  179 

.757  818  001 
.757  450  799 
.757  083  574 
.756  716  326 
.756  349  057 

.755  981  765 
.755  614  453 
.755  247  119 
.754  879  7&4 
.754  512  390 


1.874  286  132 
.873  956  609 
.873  626  685 
.873  296  357 
.872  965  629 

.872  634  500 
.872  302  969 
.871  971  039 
.871  638  707 
.871  305  976 

.870  972  846 
.870  639  316 
.870  305  387 
.869  971  060 
.869  636  334 

.869  301  210 
.868  965  689 
.868  629  770 
.868  293  455 
.867  956  743 

.867  619  634 
.867  282  130 
.866  944  230 
.866  605  934 
.866  267  244 

.865  928  159 
.865  588  680 
.865  248  806 
.864  908  539 
.864  567  879 

.864  226  826 
.863  885  380 
.863  543  542 
.863  201  312 
.862  858  691 

.862  515  678 
.862  172  274 
.861  828  480 
.861  484  295 
.861  139  721 

.860  794  757 
.860  449  403 
.860  103  661 
.859  757  530 
.859  411  Oil 

.859  064  105 
.858  716  810 
.858  369  129 
.858  021  061 
.857  672  606 


.950 


.168  358  290 


.238  737  524 


.386  741  023 


.754  144  996 


.857  323  765 
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TABLE  I 


X 


.9n0 
.951 
.952 
.953 
.954 

.955 
.956 
.957 
.958 
.959 

.960 
.961 
.962 
.963 
.964 

.965 
.966 
.967 
.968 
.  yoy 

.970 
.971 
.972 
.973 
.974 

.975 
.976 
.977 
.978 
.979 

.  yyo 

.981 
.982 
.983 
.984 

.985 
.986 
.987 
.988 
.989 

•  99U 

.991 

■  (flu 

.993 
.994 

.995 
.  yyo 
.997 
.998 
.999 

1  000 


0B 


€"* 


X4 


dx 


00 


dx 


0.168  358  290 
.167  930  433 
.167  503  902 
.167  078  690 
.166  654  795 

.166  232  209 
. 165  810  930 
.165  390  951 
.164  972  267 
.164  554  874 

.164  138  768 
.163  723  943 
. 163  310  393 
.162  898  115 
.162  487  104 

.162  077  383 
.161  668  861 
.161  261  620 
.160  855  627 
.160  450  878 

.160  047  366 
.159  645  088 
.159  244  039 
. 158  844  214 
.158  445  609 

.158  048  219 
. 157  652  050 
.157  257  067 
.156  863  297 
.156  470  723 

.156  079  342 
.155  689  149 
.155  300  140 
. 154  912  310 
.154  525  657 

.154  140  173 
.153  765  998 
.153  372  701 
.152  990  703 
.152  609  860 

.152  290  165 
.151  851  615 
.151  474  207 
.151  097  935 
.150  722  796 

.150  348  784 
.149  975  897 
.149  604  130 
.149  233  479 
.148  863  939 

.148  495  507 


0.238  737  524 
.238  330  845 
.237  925  000 
.237  519  987 
.237  115  802 

.236  712  445 
.236  309  912 
.235  908  202 
.235  507  313 
.235  107  243 

.234  707  988 
.234  309  548 
.233  911  920 
.233  515  103 
.233  119  093 

.232  723  890 
.232  329  490 
.231  935  893 
.231  543  095 
.231  151  094 

.230  759  890 
.230  369  479 
.229  979  860 
.229  591  031 
.229  202  989 

.228  815  733 
.228  429  251 
.228  043  570 
.227  658  658 
.227  274  525 

.226  891  167 
.226  508  583 
.226  126  771 
.225  745  729 
.225  365  454 

.224  985  946 
.224  607  201 
.224  229  219 
.223  851  997 
.223.475  533 

.223  099  826 
.222  724  873 
.222  350  672 
.221  977  222 
.221  604  521 

.221  232  567 
.220  861  358 
.220  490  892 
.220  121  167 
.219  752  182 

.219  383  934 


CO 


cx  dx 


00 


xer*  dx 


00 

/ 


0.386  741  023 
.386  354  476 
.385  968  314 
.385  582  539 
.385  197  149 

.384  812  145 
.384  427  525 
.384  043  289 
.383  659  438 
.383  275  970 

.382  892  886 
.382  510  184 
.382  127  865 
.381  745  929 
.381  364  373 

.380  983  200 
.380  602  407 
.380  221  995 
.379  841  963 
.379  462  311 

.379  083  038 
.378  704  145 
.378  325  630 
.377  947  493 
.377  569  735 

.377  192  354 
.376  815  350 
.376  438  723 
.376  062  472 
.375  686  598 

.375  311  099 
.374  935  975 
.374  561  227 
.374  186  853 
.373  812  853 

.373  439  227 
.373  065  974 
.372  693  095 
.372  320  588 
.371  948  454 

.371  576  691 
.371  205  300 
.370  834  280 
.370  463  631 
.370  093  353 

.360  723  445 
.369  353  906 
.368  984  737 
.368  615  936 
.368  247  505 

.367  879  441 


0.754  144  996 
.753  777  582 
.753  410  150 
.753  042  699 
.752  675  230 

.752  307  743 
.751  940  238 
.751  572  717 
.751  205  180 
.750  837  625 

.750  470  057 
.750  102  472 
.749  734  872 
.749  367  258 
.748  999  630 

.748  631  986 
.748  264  332 
.747  896  664 
.747  528  983 
.747  161  290 

.746  793  585 
.746  425  869 
.746  058  142 
.745  690  404 
.745  322  656 

.744  954  898 
.744  587  130 
.744  219  ai5 
.743  851  570 
.743  483  777 

.743  115  976 
.742  748  167 
.742  380  352 
.742  012  529 
.741  644  700 

.741  276  865 
.740  909  025 
.740  541  179 
.740  173  329 
.739  805  474 

.739  437  615 
.739  069  752 
.738  701  886 
.738  334  017 
.737  966  146 

.737  598  272 
.737  230  396 
.736  862  519 
.736  494  641 
.736  126  762 

.735  758  882 


x2er*dx 


1.857  323  765 
.856  974  539 
.856  624  927 
.856  274  929 
.855  924  548 

.855  573  781 
.855  222  631 
.854  871  097 
.854  619  180 
.854  166  880 

.853*814  197 
.853  461  132 
.853  107  684 
.852  753  856 
.852  399  646 

.852  045  055 
.851  690  084 
.851  334  732 
.850  979  001 
.850  622  890 

.850  266  401 
.849  909  532 
.849  552  285 
.849  194  660 
.848  836  658 

.848  478  278 
.848  119  521 
.847  760  387 
.847  400  878 
.847  040  992 

.846  680  731 
.846  320  094 
.845  959  083 
.845  597  698 
.845  235  938 

.844  873  805 
.844  511  298 
.844  148  419 
.843  785  166 
.843  421  542 

.843  057  545 
.842  603  177 
.842  328  438 
-841  963  328 
.841  597  847 

.841  231  997 
.840  865  777 
.840  499  187 
.840  132  228 
.839  764  901 

.839  397  206 
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TABLE  II. 

X 

f^dr 
Z    x* 

f^dr, 

x       X 

00 

/  em*  dx 

X 

CO 

j  xer*  dx 

X 

00 

j  x2e~*dx 

X 

1.00 

0.148  495  507 

0.219  383  934 

0.367  879  441 

0.735  758  882 

1.839  397  206 

1.01 

.144  871  228 

.215  741  623 

.364  218  980 

.732  080  149 

.835  700  079 

1.02 

.141  353  368 

.212  171  083 

.360  504  940 

.728  401  779 

.831  966  534 

1  03 

. 137  938  141 

.208  670  559 

.357  006  961 

.724  724  130 

.828  196  944 

1.04 

.134  621  920 

.205  238  351 

.353  454  682 

.721  047  551 

.824  391  686 

1.05 

.131  401  234 

.201  872  813 

.349  937  749 

.717  372  386 

.820  551  140 

1.06 

.128.272  758 

.198  572  346 

.346  455  810 

.713  698  969 

.816  675  687 

1.07 

.125  233  305 

.195  335  403 

.343  008  517 

.710  027  631 

.812  765  714 

1.08 

.122  279  823 

. 192  160  479 

.339  595  526 

.706  358  693 

.808  821  608 

1.09 

.119^409  381 

.189  046  118 

.336  216  494 

.702  692  472 

• 

.804  843  760 

1.10 

. 116  619  171 

.185  990  90^ 

.332  871  084 

.699  029  276 

.800  832  563 

1.11 

.113  906  500 

.182  993  465 

.329  558  961 

.695  369  408 

.796  788  412 

1.12 

.111  268  778 

.180  052  467 

.326  279  795 

.691  713  165 

.792  711  704 

1.13 

.108  703  523 

. 177  166  615 

.323  033  256 

.688  060  836 

.788  602  837 

1  14 

.106  208  351 

.174  334  651 

.319  819  022 

.684  412  707 

.784  462  214 

1.15 

.103  780  967 

.171  555  354 

.316  636  769 

.680  769  054 

.780  290  236 

1.16 

.101  419  173 

.168  827  535 

.313  486  181 

.677  130  151 

.776  087  306 

1.17 

.099  120  850 

.166  150  040 

.310  366  941 

.673  496  263 

.771  853  831 

1.18 

.096  883  963 

. 163  521  748 

.307  278  739 

.669  867  650 

.767  590  216 

1.19 

.094  706  554 

.160  941  567 

.304  221  261 

.666  244  568 

.763  296  869 

1.20 

092  586  740 

.158  408  437 

.301  194  212 

.662  627  266 

.758  974  198 

1.21 

.090  522  708 

. 155  921  325 

.298  197  279 

.659  015  988 

.754  622  612 

1.22 

.088  512  714 

.153  479  226 

.295  230  167 

.655  410  971 

.750  242  522 

1.23 

.086  555  078 

.151  081  164 

.292  292  578 

.651  812  448 

.745  834  337 

1.24 

.084  648  181 

.148  726  188 

.289  384  218 

.648  220  648 

.741  398  470 

1.25 

.082  790  464 

.146  413  373 

.286  504  797 

.644  635  793 

.736  935  331 

1.26 

.080  980  428 

.144  141  815 

.283  654  027 

.641  058  100 

.732  445  332 

1.27 

.079  216  622 

. 141  910  639 

.280  831  622 

.637  487  781 

.727  928  886 

1.28 

.077  497  652 

.139  718  989 

.278  037  300 

.633  925  045 

.723  386  403 

1.29 

.075  822  172 

.137  566  032 

.275  270  783 

.630  370  093 

.718  818  297 

1.30 

.074  188  883 

.135  450  958 

.272  531  793 

.626  823  124 

.714  224  978 

1.31 

.072  596  534 

. 133  372  975 

.269  820  056 

.632  284  330 

.709  606  859 

1.32 

.071  043  915 

.131  331  314 

.267  135  302 

.619  753  901 

.704  964  351 

1.33 

.069  529  860 

. 129  325  224 

.264  477  261 

.616  232  019 

.700  297  865 

1.34 

.068  053  243 

.127  353  972 

.261  845  669 

.612  718  864 

.695  607  811 

1.35 

.066  612  979 

.125  416  844 

.259  240  261 

.609  214  613 

.690  894  600 

1.36 

.065  208  014 

.123  513  146 

.256  660  777 

.605  719  434 

.686  158  640 

1.37 

.063  837  335 

.121  642  198 

.254  106  960 

.602  233  494 

.681  400  341 

1.38 

.062  499  961 

.119  803  338 

.251  578  553 

.598  756  956 

.676  620  109 

1.39 

.061  194  948 

.117  995  919 

.249  075  305 

.595  289  978 

.671  818  352 

1.40 

.059  921  376 

.116  219  313 

.246  596  964 

.501  832  713 

.666  995  476 

1.41 

.058  678  362 

.114  472  903 

.244  143  283 

.588  385  312 

.662  151  886 

1.42 

.057  465  049 

.112  756  090 

.241  714  017 

.584  947  921 

.657  287  985 

1.43 

.056  280  610 

.111  068  287 

.239  308  922 

.581  520  681 

.652  404  177 

1.44 

.055  124  243 

.109  408  923 

.236  927  759 

.578  103  731 

.647  500  863 

1.45 

.053  995  172 

.107  777  440 

.234  570  288 

.574  697  206 

.642  578  442 

1.46 

.052  892  650 

. 106  173  292 

.232  236  275 

.671  301  236 

.637  637  315 

1.47 

.051  815  949 

.101  595  946 

.229  925  485 

.567  915  948 

.632  677  878 

1.48 

.050  764  367 

.103  044  882 

.227  &37  688 

.564  541  467 

.627  700  527 

1.49 

.049  737  223 

.101  519  593 

.£25  372  656 

.561  177  912 

.622  705  657 

1.50 

.048  733  858 

.100  019  582 

.223  130  160 

.557  825  400 

.617  693  661 

[millkr  a  rosebrugh]    VALUES  OF  FUNCTIONS  INVOLVING  erx 
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rABLE  11. 

X 

00 

f^  dx 

z      X* 

Jit** 

x       X 

00 

/  e-*  dx 

X 

00 

J  xer*  dx 

X 

CO 

1 x2e-*dx 

X 

1.50 

0.048  733  858 

0.100  019  582 

0.223  130  160 

0.557  825  400 

1.617  693  661 

1.51 

.047  753  634 

.098  544  365 

.220  909  978 

.554  484  045 

.612  664  930 

1.52 

.046  795  933 

.097  093  466 

.218  711  887 

.551  153  955 

.607  619  854 

1.53 

.045  860  156 

.095  666  424 

.216  535  667 

.547  835  238 

.602  558  820 

1  54 

.044  945  721 

.094  262  786 

.214  381  101 

.544  527  998 

.597  482  215 

1.55 

.044  052  069 

.092  882  108 

.212  247  974 

.541  232  333 

.592  390  424 

1.5(5 

.043  178  651 

.091  523  959 

.210  136  071 

.537  948  342 

.587  283  827 

1.57 

.042  324  938 

.090  187  917 

.208  045  182 

.534  676  119 

.582  162  807 

1.58 

.041  490  420 

.088  873  566 

.205  975  098 

.531  415  753 

.577  027  742 

1.59 

.040  674  598 

.087  580  504 

.203  925  612 

.528  167  334 

.571  879  008 

1.60 

.039  876  990 

.086  308  334 

.201  896  518 

•524  930  947 

.566  716  980 

1.61 

.039  097  128 

.085  056  670 

. 199  887  614 

.521  706  673 

.561  542  030 

1.62 

.038  334  558 

.083  825  133 

.197  898  699 

.518  494  592 

.556  354  529 

1.63 

.037  588  839 

.082  613  354 

.195  929  574 

.515  294  780 

.551  154  845 

1.64 

.036  859  544 

.081  420  970 

* 

.193  980  042 

.512  107  312 

.545  943  345 

1.65 

.036  146  257 

.080  247  627 

.192  049  909 

.508  932  258 

.540  720  392 

1.66 

.035  448  576 

.079  092  978 

.190  138  980 

.505  769  687 

.535  486  348 

1.67 

.034  766  110 

.077  956  684 

.188  247  066 

.502  619  665 

.530  241  572 

1.68 

.034  098  477 

.076  838  413 

.186  373  976 

.499  482  256 

.524  986  422 

1.69 

.033  445  311 

.075  737  839 

.184  519  524 

.496  357  520 

.519  721  252 

1.70 

.032  806  253 

.074  654  644 

. 182  683  524 

.493  245  515 

.514  446  414 

1.71 

.032  180  951 

.073  588  518 

. 180  865  793 

.490  146  298 

.509  162  260 

1.72 

.031  569  070 

.072  539  155 

.179  066  148 

.487  059  922 

.503  869  137 

1.73 

.030  970  283 

.071- 506  255 

.177  284  410 

.483  986  439 

.498  567  390 

1.74 

.030  384  266 

.070  489  527 

.175  520  401 

.480  925  898 

.493  257  360 

1.75 

.029  810  711 

.069  488  685 

.173  773  943 

.477  878  344 

.487  939  391 

1.76 

.029  249  317 

.068  503  447 

.172  044  864 

.474  843  824 

.482  613  818 

1.77 

.028  699  788 

.067  533  539 

. 170  332  989 

.471  822  379 

.477  280  979 

1.78 

.028  161  841 

.066  578  691 

.168  638  147 

.468  814  049 

.471  941  205 

1.79 

.027  635  197 

.065  638  641 

.166  960  170 

.465  818  873 

.466  594  826 

1.80 

.027  119  587 

.064  713  129 

.165  298  888 

.462  836  887 

.461  242  172 

1.81 

.026  614  747 

.063  801  903 

.163  a54  137 

.459  868  124 

.455  883  566 

1.82 

.026  120  423 

.062  901  715 

. 102  025  751 

.456  912  618 

.450  519  333 

1.83 

.025  636  366 

.062  021  321 

.160  413  568 

.453  970  397 

.445  149  791 

1.84 

.025  162  336 

.061  151  483 

.158  817  426 

.451  041  490 

.439  775  258 

1.85 

.024  698  095 

.060  294  968 

.157  237  166 

.448  125  924 

.434  396  050 

1.86 

.024  243  418 

.059  451  545 

.155  072  630 

.445  223  723 

.429  012  478 

1.87 

.023  798  076 

.058  620  994 

.154  123  662 

.442  334  909 

.423  624  852 

1.88 

.023  361  859 

.057  803  091 

. 152  590  106 

.439  459  505 

.418  233  479 

1.89 

.022  934  551 

.056  997  623 

.151  071  809 

.436  597  528 

.412  838  663 

1.90 

.022  515  948 

.056  204  378 

.149  568  619 

.433  748  996 

.407  440  707 

1.91 

.022  105  850 

.055  423  148 

.148  080  387 

.430  913  925 

.402  039  908 

1  92 

.021  704  062 

.054  653  731 

.146  606  962 

.428  092  329 

.396  636  564 

1.93 

.021  310  393 

.053  895  927 

.145  148  198 

.425  284  222 

.391  230  968 

1.94 

.020  024  661 

.053  149  540 

. 143  703  950 

.422  489  612 

.385  823  410 

1.95 

.020  546  682 

.052  414  380 

.142  274  072 

.419  708  511 

.380  414  180 

1.96 

.020  176  284 

.051  090  257 

. 140  858  421 

.416  940  926 

.375  003  562 

1.97 

.019  813  294 

.050  976  988 

.139  456  856 

.414  186  863 

.369  591  839 

1.98 

.019  457  546 

.050  274  392 

.138  069  237 

.411  446  327 

.364  179  292 

1.99 

.019  108  879 

.049  582  290 

.136  695  425 

.408  719  322 

.358  766  198 

2.00 

.018  767  131 

.048  900  oil 

.135  335  283 

.406  005  850 

.353  352  832 
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TABLE  III. 


X 

er* —  1 

X 

X 

e-x  —  i 

X 

X 

X 

X 

X 

.000 
.001 
.002 
.003 
.004 

1.000  000  opo 

0.999  500  167 

.999  000  667 

.998  501  499 

.998  002  664 

.050 
.051 
.052 
.053 
.054 

0.975  411  510 
.974  928  029 
.974  444  868 
.973  962  029 
.973  479  509 

.100 
.101 
.102 
.103 
.104 

9.048  374  180 

8.949  832  009 

.853  230  899 

.758  514  306 

.665  627  860 

.150 
.151 
.152 
.153 
.154 

5.738  053  176 
.694  355  620 
.651*238  689 
.608  690  992 
.666  701  435 

.005 
.006 
.007 
.008 
.009 

.997  504  161 
.997  005  991 
.996  508  153 
.996  010  645 
.995  513  470 

.055 
.056 
.057 
.058 
.059 

.972  997  310 
.972  515  431 
.972  033  871 
.971  552  630 
.971  071  709 

.105 
.106 
.107 
.108 
.109 

.574  519  263 
.485  138  189 
.397  436  196 
.311  366  634 
.226  884  564 

.155 
.156 
.157 
.158 
.159 

.525  250  210 
.484  353  784 
.443  974  897 
.404  112  544 
.364  756  975 

.010 
Oil 
.012 
.013 
.014 

.995  016  625 
.994  520  111 
.904  023  928 
.993  528  076 
.993  032  553 

.060 
.061 
.062 
.063 
.064 

.970  591  107 
.970  110  823 
.969  630  858 
.969  151  211 
.968  671  882 

.110 
.111 
.112 
.113 
.114 

.143  946  685 
.062  511  252 
7.982  538  013 
.903  988  142 
.826  824  174 

.160 
.161 
.162 
.163 
.164 

.325  898  681 
.287  533  392 
.249  637  065 
.212  215  880 
.175  256  231 

.015 
.016 
.017 
.018 
.019 

.992  537  860 
.992  042  497 
.991  547  963 
.991  053  758 
.990  559  882 

.065 
.066 
.067 
.068 
.069 

.968  192  871 
.967  714  177 
.967  235  801 
.966  757  742 
.966  279  999 

.115 
.116 
.117 
.118 
.119 

.751  009  947 
.676  510  546 
.603  292  249 
.531  322  480 
.460  569  754 

.165 
.166 
.167 
.168 
.169 

.138  749  722 
.102  688  158 
.067  063  541 
.031  868  064 
4.997  094  103 

.020 
.021 
.022 
.023 
.024 

.990  066  335 
989  573  116 
.989  080  225 
.988  587  662 
.988  095  427 

.070 
.071 
.072 
.073 
.074 

.965  802  573 
.965  325  463 
.964  848  669 
.964  372  191 
.963  896  029 

.120 
.121 
.122 
.123 
.124 

.391  003  639 
.322  594  707 
.255  314  496 
.189  135  468 
.124  030  975 

.170 
.171 
.172 
.173 
.174 

.962  734  215 
.928  781  131 
.895  227  751 
.862  067  138 
.829  292  515 

.025 
.026 
.027 
.028 
.029 

.987  603  519 
.987  111  938 
.986  620  684 
.986  129  757 
.985  639  156 

.075 
.076 
.077 
.078 
.079 

.963  420  182 
.962  944  651. 
.962  469  434 
.961  994  531 
.961  519  944 

.125 
.126 
.127 
.128 
.129 

.059  975  221 
6.996  943  228 
.934  910  808 
.873  854  525 
.813  751  671 

.175 
.176 
.177 
.178 
.179 

.796  897  262 
.764  874  905 
.733  219  122 
.701  923  727 
.670  982  678 

.030 
.031 
.032 
.033 
.034 

.985  148  882 
.984  658  933 
.984  169  310 
.983  680  012 
.983  191  040 

.080 
.081 
.082 
.083 
.084 

.961  045  670 
.960  571  711 
.980  098  065 
.959  624  732 
.959  151  713 

.130 
.131 
.132 
.133 
.134 

.754  580  238 
.696  318  888 
.638  946  932 
.582  444  302 
.526  791  527 

.180 
.181 
.182 
.183 
.184 

.640  390  063 
.610  140  103 
.580  227  145 
.550  645  660 
.521  390  238 

.035 
.036 
.037 
.038 
.039 

.982  702  393 
.982  214  070 
.981  726  072 
.981  238  398 
.980  751  048 

.085 
#  .086 
.087 
.088 
.089 

.958  679  007 
.958  206  614 
.957  734  533 
.957  262  765 
.956  791  308 

.135 
.136 
.137 
.138 
.139 

.471  969  716 
.417  960  533 
.364  746  176 
.312  309  360 
.260  633  298 

.185 
.186 
.187 
.188 
.189 

.492  455  588 
463  836  532 
.435  528  002 
.407  525  038 
.379  822  787 

.040 
.041 
.042 
.043 
.044 

.980  264  021 
.979  777  318 
.979  290  939 
.978  804  882 
.978  319  148 

.090 
.091 
.092 
.093 
.094 

.956  320  164 
.955  849  331 
.955  378  809 
.954  908  599 
.954  438  700 

.140 
.141 
.142 
.143 
.144 

.209  701  681 
.159  498  665 
.110  008  849 
.061  217  265 
.013  109  362 

.190 
.191 
.192 
.193 
.194 

.352  416  494 
.325  301  509 
.298  473  273 
.271  927  327 
.245  659  300 

.045 
.046 
.047 
.048 
.049 

.977  833  737 
.977  348  648 
.976  863  881 
.976  379  436 
.975  895  310 

.095 
.096 
.097 
.098 

.  uyy 

.953  969  111 
.953  499  833 
.953  030  865 
.952  562  207 
.952  093  858 

.145 
.146 
.147 
.148 
.149 

5.965  670  987 
.918  888  378 
.872  748  146 
.827  237  263 
.782  343  053 

.195 
.196 
.197 
.198 
.199 

.219  664  913 
.193  939  973 
.168  480  372 
.143  282  087 
.118  341  173 

.050 

.975  411  510 

.100 

.951  625  820 

.150 

.738  053  176 

.200 

.093  653  765 
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TABLE  III. 

X 

er* 
X 

X 

er* 

X 

X 

erx 

X 

X 

er' 

X 

.200 
.201 
.202 
.203 
.204 

4.093  653  765 
.069  216  077 
.045  024  396 
.021  075  081 

3.997  364  565 

.250 
.251 
.252 
.253 
.254 

3.115  203  132 
.099  690  723 
.084  304  516 
.069  043  Oil 
.053  904  732 

.300 
.301 
.302 
.303 
.304 

2.469  394  069 
.458  730  142 
.448  139  288 
.437  620  780 
.427  173  903 

.350 
.351 
.352 
.353 
.354 

2.013  394  542 
.005  651  720 

1.997  954  892 
.990  303  664 
.982  697  648 

.205 
.206 
.207 

.208 
.209 

.973  889  348 
.950  646  001 
.927  631  159 
.904  841  523 
.882  273  855 

.255 
.256 
.257 
.258 
.259 

.038  888  227 

023  992  066 

.009  214  840 

2.994  555  163 

.980  Oil  672 

.305 
.306 
.307 
.308 
.309 

.416  797  949 
.406  492  220 
.396  256  029 
.386  088  695 
.375  989  547 

.355 
.356 
.357 

.358 
.359 

.975  136  460 
.967  619  720 
.960  147  052 
.952  718  087 
.945  332  455 

.210 
.211 
.212 
.213 
.214 

.859  924  981 
.837  791  786 
.815  871  215 
.794  160  260 
.772  656  005 

.260 
.261 
.262 
.263 
.264 

.965  583  022 
.951  267  891 
.937  064  976 
.922  972  994 
.908  990  681 

.310 
.311 
.312 
.313 
.314 

.365  957  923 
.355  993  170 
.346  094  642 
.336  261  701 
.326  493  720 

.360 
.361 
.362 
.363 
.364 

.937  989  795 
.930  689  746 
.923  431  955 
.916  216  070 
.909  041  744 

.215 
.216 
.217 
.218 
.219 

.751  355  536 
.730  256  027 
.709  354  697 
.688  648  815 
.668  135  699 

.265 
.266 
.267 
.268 
.269 

.895  116  792 
.881  350  103 
.867  689  406 
.854  133  512 
.810  681  248 

.315 
.316 
.317 
.318 
.319 

.316  790  077 
.307  150  159 
.297  573  357 
.288  059  083 
.278  606  738 

.365 
.366 
.367 
.368 
.369 

.901  908  633 
.894  816  397 
.887  764  700 
.880  753  211 
.873  781  600 

.220 
.221 
.222 
.223 
.224 

.647  812  718 
.627  677  286 
.607  726  866 
.587  958  965 
.568  371  136 

.270 
.271 
.272 
.273 
.274 

.827  331  461 
.814  083  013 
.800  934  783 
.787  885  669 
.774  934  581 

.320 
.321 
.322 
.323 
.324 

.269  215  741 
.259  885  517 
.250  615  498 
.241  405  122 
.232  253  835 

.370 
.371 
.372 
.378 
.374 

.866  849  542 
.859  956  716 
.853  102  802 
.846  287  488 
.839  510  450 

.225 
.226 
.227 
.228 
.229 

.548  960  972 
.529  726  114 
.510  664  239 
.491  773  069 
.473  050  365 

.275 

.276 
.277 
.278 
.279 

.762  080  448 
.749  322  213 
.736  658  834 
.724  089  286 
.711  612  556 

.325 
.326 
.327 
.328 
.329 

.223  161  088 
.214  126  342 
.205  149  061 
. 196  228  719 
.187  364  793 

.375 
.376 
.377 
.378 
.379 

.832  771  410 
.826  070  035 
.819  406  032 
.812  779  102 
.806  188  952 

.230 
.231 
.232 
.233 
.234 

.454  493  924 
.436  101  585 
.417  871  221 
.399  800  745 
.381  888  102 

.280 
.281 
.282 
.283 
.284 

.699  227  648 
.686  933  578 
.674  729  378 
.662  614  091 
.650  586  777 

.330 
.331 
.332 
.333 
.334 

.178  556  768 
.169  804  136 
. 161  106  394 
.152  463  046 
.143  873  596 

.380 
.381 
.382 
.383 
.384 

.799  635  287 
.793  117  821 
.786  (m  265 
.780  190  338 
.773  779  758 

.235 
.236 
.237 
.238 
.239 

.364  131  275 
&J6  528  275 
.329  077  165 
.311  776  013 
.294  622  938 

.285 
.286 
.287 
.288 
.280 

.638  646  506 
.626  792  363 
.615  023  449 
.603  338  862 
.591  737  735 

.335 
.336 
.337 
.338 
.339 

.135  337  571 
.126  854  482 
. 118  423  857 
.110  045  230 
.101  718  139 

.385 
.386 
.387 

.  uuo 

.389 

.767  404  250 
.761  063  638 
.754  757  351 
.748  485  421 
.742  247  481 

.240 
.241 
.242 
.243 
.244 

.277  616  088 
.260  753  636 
.244  033  792 
.227  454  785 
.211  014  895 

.290 
.291 
.292 
.293 
.294 

.580  219  199 
.568  782  399 
.557  426  493 
.546  150  651 
.534  954  053 

.340 
.341 
.342 
.343 
.344 

.093  442  126 
.085  216  740 
.077  041  534 
.068  916  069 
.060  839  907 

.390 
.391 
.392 
.393 
.394 

.736  043  268 
.729  872  522 
.723  734  985 
.717  630  401 
.711  558  518 

.245 
.246 
.247 
.248 
.249 

.194  712  401 
.178  545  630 
. 162  512  929 
.146  612  675 
.130  843  267 

.295 
.296 
.297 
.298 
.299 

.523  835  890 
.512  795  365 
.501  831  691 
.490  944  093 
.480  131  804 

.345 
.346 
.347 
.348 
.349 

.052  812  618 
.044  833  777 
.036  902  963 
.029  019  759 
.021  183  754 

.395 
.396 
.397 
.398 
.399 

.705  519  087 
.699  511  858 
.693  536  588 
.687  593  034 
.681  680  956 

.250 

.115  203  132  , 

.300 

.169  394  009  , 

.350 

.013  394  542 

.400 

.675  800  115 

i 
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TABLE  III. 

X 

X 

X 

e-x 

X 

t-* 

X 

er* 

X 

X 

X 

.400 
.401 
.402 
.403 
.404 

1.675  800  115 
.669  950  277 
.664  131  208 
.658  342  678 
.652  584  459 

.  .450 
.451 
.452 
.453 
.454 

1.416  951  448 
.412  396  546 
.407  863  207 
.403  351  288 
.398  860  646 

.500 
.501 
.502 
.503 
.504 

1.213  061  319 
.209  430  004 
.205  814  364 
.202  214  303 
.198  629  728 

• 

.550  1 

.551 

.552 

.553 

.564 

.048  999  655 
.046  049  272 
.043  110  623 
.040  183  643 
.037  268  268 

.405 
.406 
.407 
.408 
.409 

.646  856  323 
.641  158  048 
.635  489  411 
.629  850  193 
.624  240  177 

.455 
.456 
.457 
.458 
.459 

.394  391  138 
.389  942  625 
.385  514  967 
.381  108  027 
.376  721  666 

.505 
.506 
.507 
.508 
.509 

.195  060  545 
.191  506  663 
.187  967  989 
.184  444  433 
.180  935  903 

.665 
.556 
.557 

.558 
.559 

034  364  435 
031  472  079 
028  591  138 
.025  721  550 
0*2  863  253 

.410 
.411 
.412 
.413 
.414 

.618  650  147 
.613  106  890 
.607  583  194 
.602  087  852 
.506  620  655 

.460 
.461 
.462 
.463 
.464 

.372  355  751 
.368  010  146 
.363  684  718 
.359  379  336 
.355  003  867 

.510 
.511 
.512 
.513 
.514 

.177  442  311 
.173  963  568 
.170  499  586 
.167  050  276 
.163  615  553 

.560 
.561 
.562 
.563 
.564 

.020  016  185 
017  180  286 
014  355  494 
Oil  541  749 
008  738  991 

.415 
.416 
.417 
.418 
.419 

.591  181  399 
.585  769  881 
.580  385  899 
.575  029  255 
.569  699  750 

.465 
.466 
.467 
.468 
.469 

.350  828  183 
.346  582  155 
.342  355  654 
.338  148  555 
.333  960  732 

.515 
.516 
.517 
.618 
.519 

. 160  195  329 
.156  789  521 
. 153  398  042 
.150  020  809 
. 146  657  738 

.565 
.566 
.567 
.568  0 
.569 

005  947  162 
003  166  203 
000  396  054 
997  636  657 
994  887  956 

.420 
.421 
.422 
.423 
.424 

.£64  397  190 
.559  121  381 
.553  872  131 
.548  649  251 
.543  452  552 

.470 
.471 
.472 
.473 
.474 

.329  792  060 

325  642  417 

.321  511  680 

.317  399  728 

.313  306  440 

• 

.520 
.521 
.522 
.523 
.524 

. 143  308  746 
.139  973  752 
. 136  652  673 
.133  345  428 
.130  051  938 

.570 
.571 
.572 
.573 
.574 

992  149  892 
989  422  410 
986  705  451 
983  998  961 
981  302  883 

.425 
.426 
.427 
.428 
.429 

.538  281  847 
.533  136  953 
.528  017  687 
.522  923  866 
.517  855  313 

.475 
.476 
.477 
.478 
.479 

.309  231  698 
.305  175  383 
.301  137  378 
.297  117  567 
.293  115  834 

.525 
.526 
.527 
.628 
.529 

. 126  772  123 
.123  505  902 
.120  253  199 
.117  013  935 
.113  788  032 

.575 
.576 
.577 
.578 
.579 

978  617  163 
975  941  745 
973  276  575 
970  621  598 
967  976  762 

.430 
.431 
.432 
.4:i3 
.434 

.512  811  848 
.507  793  296 
.502  799  483 
.497  830  235 
.492  885  381 

•480 
.481 
.482 
.483 
.484 

.289  132  066 
.285  166  149 
.281  217  970 
.277  287  419 
.273  374  384 

.530 
.531 
.532 
.633 
.534 

.110  575  414 
.107  376  005 
. 104  189  730 
.101  016  512 
.097  856  278 

.580 
.581 
.682 
.583 

.584 

965  342  Oil 
962  717  294 
960  102  558 
957  497  750 
954  902  819 

.435 
,436 
.437 
.438 
.439 

.487  964  752 
.483  068  179 
.478  195  495 
.473  346  536 
.468  521  138 

.485 
.486 
.487 
.488 
.489 

.269  478  756 
.265  600  427 
.261  739  287 
.257  895  232 
.254  068  153 

.535 
.536 
.537 
.538 
.  .539 

.094  708  954 
.091  574  466 
.088  452  741 
.085  343  708 
.082  247  295 

.585 
.586 
.587 
.588 
.589 

952  317  712 
949  742  380 
947  176  769 
944  620  831 
942  074  515 

.440 
.441 
.442 
.443 
.444 

.463  719  139 
.458  940  378 
.454  184  696 
.449  451  935 
.444  741  939 

.490 
.491 
.492 
.493 
.494 

.250  257  947 
.246  464  509 
.242  687  735 
.238  927  523 
.235  183  771 

.540 
.541 
.542 
.543 

~:544 

.079  163  430 
.076  092  043 
.073  033  064 
.069  986  422 
.066  952  050 

.590 
.591 
.592 
.593 
.504 

939  537  771 
937  010  549 
934  492  801 
.931  984  477 
.929  485  529 

.445 
.446 
.447 
.448 
.449 

.440  054  553 
.435  389  623 
.430  746  998 
.426  126  527 
.421  528  060 

.495 
.496 
.497 
.498 
.499 

.231  456  378 
.227  745  244 
.224  050  269 
.220  371  355 
.216  708  404 

.545 
.546 
.547 
.548 
.549 

.063  929  878 
.060  919  838 
.057  921  862 
.054  935  884 
.051  961  837 

.595 
.596 
.597 
.608 
.699 

.926  995  909 
.924  515  569 
.922  044  461 
.919  582  538 
.917  129  753 

.450 

.416  951  448 

.500 

.213  061  319 

.550 

.048  999  655 

.600 

.914  686  060 
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TABLE  III. 


er* 

xr  

x 

.600  0.914  686  060 

.601  .012  251  412 

.602  .600  826  764 

.603  .007  400  069 

.604  .905  001  282 

.605  .902  602  358 

.606  .900  212  253 

.607  .897  830  921 

.608  .805  458  319 

.609  .893  094  403 

.610  .890  739  130 

.611  .888  392  455 

.612  .886  054  335 

.613  .883  724  729 

.614  .881  403  594 

.615  .879  090  887 

.616  .876  786  566 

.617  .874  490  590 

.618  .872  202  918 

.619  .869  923  507 

.620  867  652  319 

.621  .865  389  311 

.622  .863  134  444 

.623  .860  887  677 

.624  .858  648  971 

.625  .856  418  286 

.626  .854  195  582 

.627  .851  980  822 

.628  .849  773  966 

,629  .847  574  975 

.630  .845  383  811 

.631  .843  200  436 

.632  .841  024  813 

.633  .838  856  903 

.634  .836  696  670 

.635  .834  544  076 

.636  .832  399  084 

.637  .830  261  650 

.638  .828  131  762 

.639  .826  009  359 

.640  .823  894  413 

.641  .821  786  888 

.642  .819  686  749 

.643  .817  593  961 

.644  .815  508  489 

.645  .813  430  298 

.646  .811  359  353 

.647  .809  295  619 

.648  .807  239  063 

.649  .805  189  651 

.660  .803  147  349 


X 


.650 
.661 
.652 
.653 
.654 

.655 
.656 
.657 
.658 
.659 

.660 
.661 
.662 
.663 
.664 

.665 
.666 
.667 
.668 
.669 

.670 
.671 
.672 
.673 
.674 

.675 
.676 
.677 
.678 
.679 

.680 
.681 
.682 
.683 
.684 

.685 
.686 
.687 
.688 
.689 

.690 
.691 
.692 
.693 
.694 

.695 
.696 
.697 
.696 
.699 


0.803  147  849 
.801  112  123 
.799  083  940 
.797  062  766 
.795  048  570 

.793  041  317 
.791  040  976 
.789  047  514 
.787  060  899 
.785  081  099 

.783  108  083 
.781  141  818 
.779  182  273 
.777  229  418 
.775  283  221 

.773  343  651 
.771  410  678 
.769  484  271 
.767  564  400 
.765  651  035 

.763  744  146 
.761  843  703 
.759  949  678 
.758  062  039 
.756  180  759 

.754  305  808 
.752  437  158 
.750  574  779 
.748  718  643 
.746  868  723 

.745  024  989 
.743  187  414 
.741  355  969 
.739  530  628 
.737  711  362 

.735  898  145 
.734  090  949 
.732  289  748 
-730  494  513 
.728  705  219 

.726  921  839 
.725  144  347 
.723  372  716 
.721  606  920 
.719  846  934 

.718  092  731 
.716  344  286 
.714  601  573 
.712  864  568 
.711  133  244 


.700   .709  407  577 


X  

X 

.700  0.709  407  577 

.701  707  687  542 

.702  .705  973  114 

.703  .704  264  268 

.704  .702  560  980 

.705  .700  863  226 

.706  .699  170  981 

.707  .697  484  222 

.708  .605  802  923 

.709  .694  127  063 

.710  .692  456  616 

711  .690  791  560 

.712  .689  131  870 

.713  .687  477  525 

.714  .685  828  499 

.715  .684  184  772 

.716  .682  546  319 

.717  680  913  118 

.718  .679  285  146 

.719  .677  662  381 

.720  .676  044  800 

.721  .674  432  381 

.722  .672  825  103 

.723  .671  222  942 

.724  .669  625  878 

.725  .668  033  888 

.726  .666  446  951 

.727  .664  865  045 

.728  .663  288  149 

.729  .661  716  242 

.730  .660  149  301 

.731  .658  687  308 

.732  .657  030  239 

.733  .655  478  076 

.734  .653  930  796 

.735  .652  388  380 

.736  .650  850  806 

.737  .649  318  055 

.738  .647  790  106 

.739  .646  266  939 

.740  .644  748  534 

.741  .643  234  872 

.742  .641  725  932 

.743  .640  221  694 

•744  .638  722  139 

.745  .637  227  248 

.746  .635  737  001 

.747  .634  251  379 

.748  .632  770  363 

.749  .631  293  933 

.750  .629  822  070 


X 


.750 
.751 
.752 
.753 
.754 

.755 
.756 
.757 
.758 
.759 

.760 
.761 
.762 
.763 
.764 

.765 
.766 
.767 
.768 
.769 

.770 
.771 
.772 
.773 
.774 

.775 
.776 
.777 
.778 
.779 

.780 

.781 
.782 
.783 
.784 

.785 
.786 
.787 
.788 
.789 

.790 
.791 
.792 
.793 
.794 

.795 
.796 
.797 
.798 
.799 


«"* 


X 

0.629  822  070 
.628  354  757 
.626  891  973 
.625  433  701 
.623  979  921 

.622  530  616 
.621  085  766 
.619  645  354 
.618  209  361 
.616  777  770 

.615  360  562 
.613  927  719 
.612  509  224 
.611  095  059 
.609  685  206 

.608  279  648 
.606  878  368 
.605  481  347 
.604  088  569 
.602  700  017 

.601  315  673 
.599  935  521 
.608  559  544 
.697  187  724 
.695  820  045 

.594  456  492 
.593  097  046 
.591  741  691 
.590  390  412 
.589  043  192 

.587  700  014 
.586  360  864 
.585  025  723 
.583  094  577 
.582  367  410 

.581  044  206 
.579  724  949 
.678  409  624 
.577  098  215 
.675  790  706 

.574  487  083 
.573  187  329 
.571  891  430 
.570  599  371 
.569  311  136 

.568  026  711 
.566  746  080 
.565  469  228 
.564  196  142 
.562  926  806 


.800   .561  661  205 
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TABLE  III. 


x  —^r 
x 

.800  0.561  661  205 

.801  .560  399  326 

.802  .550  141  152 

.803  .557  886  671 

,804  .556  635  868 

.805  .555  388  729 

.806  .554  145  238 

.807  .552  905  383 

.808  .551  669  149 

.809  .550  436  523 

.810  .549  207  489 

.811  .547  982  035 

.812  .546  760  147 

.813  .545  541  810 

.814  .544  327  012 

.815  .543  115  739 

.816  .541  907  977 

.817  .540  703  713 

.818  .539  502  933 

.819  .538  305  624 

.820  .537  111  774 

.821  .535  921  368 

.822  .534  734  394 

.823  .533  550  838 

.824  .532  370  688 

.825  .531  193  930 

.826  .530  020  553 

.827  .528  850  542 

.828  .527  683  886 

.829  .526  520  671 

.830  .525  360  586 

.831  .524  203  917 

.832  .523  050  552 

.833  .521  900  479 

.834  .520  753  685 

.835  .519  610  157 

.836  .518  469  885 

.837  .517  332  855 

.838  .516  199  055 

.839  .515  068  474 

• 

.840  .513  941  099 

.841  .512  816  919 

.842  .511  695  921 

.843  .510  578  093 

.844  .509  463  425 

.845  .508  351  903 

.846  .507  243  517 

.847  .506  138  255 

.848  .505  036  106 

.849  .503  937  056 

850  .502  841  096 


X  

X 

.850  0.502  841  096 

.851  .501  748  215 

.852  .500  658  399 

.853  .499  571  640 

.854  .498  487  924 

.855  .497  407  241 

.856  .496  329  580 

.857  .496  254  930 

.858  .494  183  279 

.859  .493  114  617 

.860  .492  048  933 

.861  .490  086  216 

.862  .489  926  455 

.863  .488  869  639 

.864  .487  815  758 

.865  .486  764  801 

.866  .485  716  757 

.867  .484  671  616 

.868  .483  629  367 

.869  .482  590  000 

.870  .481  553  505 

.871  .480  519  870 

.872  .479  489  087 

.873  .478  461  143 

.874  .477  436  030 

.875  .476  413  737 

.876  .475  394  253 

.877  .474  377  570 

.878  .473  363  676 

.879  .472  352  562 

.880  .471  344  218 

.881  .470  338  633 

.882  .469  335  799 

.883  .468  335  705 

.884  .467  338  341 

.885  .466  343  699 

.886  .465  351  767 

.887  .464  362  536 

.888  .463  375  998 

.889  .462  392  142 

.890  .461  410  958 

.891  .460  432  438 

.892  .459  456  572 

.893  .458  483  350 

.894  .457  512  764 

.895  .456  544  803 

.896  .455  579  459 

.897  .454  616  723 

.898  .453  656  584 

.899  .452  699  035 

.900  451  744  066 


x  — 


.900  0.451  744  066 

.901  .450  791  668 

.902  .449  841  833 

.903  .448  894  550 

.904  .447  949  811 

.905  .447  007  606 

.906  .446  067  931 

.907  .445  130  772 

.908  .444  196  121 

.909  .443  263  971 

.910  .442  334  3LT. 

.911  .441  407  136 

.912  .440  482  434 

.913  .439  560  198 

.914  .438  640  419 

.915  .437  723  089 

.916  .436  808  198 

.917  .435  895  740 

.918  .434  985  705 

.919  .434  078  064 

.920  .433  172  871 

.921  .432  270  056 

.922  .431  369  631 

.923  .430  471  588 

.924  .429  575  919 

.925  .428  682  615 

.926  .427  791  669 

.927  .426  903  073 

.928  .426  016  818 

.929  .425  132  897 

.930  .424  251  301 

.931  .423  372  023 

.932  .422  495  055 

.933  .421  620  389 

.934  .420  748  017 

.935  .419  877  931 

.936  .419  010  124 

.937  .418  144  587 

.938  .417  281  314 

.939  .416  420  297 

.940  .415  561  527 

.941  .414  704  998 

.942  .413  850  701 

.943  .412  998  630 

.944  .412  148  776 

.945  .411  301  133 

.946  .410  455  693 

.947  .409  612  448 

.948  .408  771  392 

.949  .407  932  516 

.950  .407  095  814 


x  

x 

.950  0.407  095  814 

.951  .406  261  278 

.952  .405  428  902 

.953  .404  598  677 

.954  .403  770  597 

.955  .402  944  654 

.956  .402  120  842 

.957  .401  299  153 

.958  .400  479  580 

.959  .399  662  117 

.960  .398  846  756 

.961  .398  033  491 

.962  .397  222  313 

.963  .396  413  218 

.964  .395  606  197 

.965  .394  801  243 

.966  .393  998  351 

.967  393  197  513 

.968  .392  398  722 

.969  .391  601  972 

.970  .390  807  256 

.971  .390  014  567 

.972  .389  223  899 

.973  .388  435  245 

.974  .387  648  598 

.975  .386  863  952 

.976  .386  081  301 

.977  .385  300  637 

.978  .384  521  955 

.979  .383  745  248 

.980  .382  970  509 

.981  .382  197  732 

.982  .381  426  911 

.983  .380  658  039 

.984  .379  891  111 

.985  .379  126  119 

.986  .378  363  057 

.987  .377  601  920 

.988  .376  842  700 

.989  .376  085  393 

.990  .375  329  991 

.991  .374  576  488 

.992  .373  824  879 

.993  .373  075  157 

.994  .372  327  317 

.995  .371  581  351 

.996  .370  837  255 

.997  .370  095  022 

.998  .369  354  646 

.999  .368  616  121 

1.000  .367  879  441 
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TABLE  IV; 


X 

X 

X 

e-* 

X 

szl.: = 

1.00 
1.01 
1.02 
1.03 
1.04 

0.367  879  441 
.360  612  851 
.353  524  451 
.346  608  700 
.339  860  271 

1.50 
1.51 
1.52 
1.53 
1.54 

0.148  753  440 
.146  297  999 
.143  889  399 
.141  526  580 
.139  208  507 

1.05 
1.06 
1.07 
1.08 
1.09 

.383  274  047 
.826  845  104 
.320  568  708 
.314  440  302 
.308  455  499 

1.55 
1.56 
1.57 
1.58 
1.59 

.186  934  177 
.134  702  610 
. 132  512  855 
.130  363  986 
.128  255  102 

1.10 
1.11 
1.12 
1.13 
1.14 

.302  610  076 
.296  899  965 
.291  321  245 
.285  870  138 
.280  643  002 

1.60 
1.61 
1.62 
1.63 
1.64 

.126  185  324 
.124  153  798 
.122  159  691 
.120  202  193 
.118  280  514 

1.15 
1.16 
1.17 
1.18 
1.19 

.275  336  321 
.270  246  708 
.265  270  890 
.260  405  711 
.255  648  121 

1.65 
1.66 
1.67 
1.68 
1.69 

.116  393  884 
.114  541  554 
.112  722  794 
.110  936  890 
.109  183  150 

1.20 
1.21 
1.22 
1.23 
1.24 

.250  995  177 
.246  444  033 
.241  991  940 
.237  636  242 
.233  374  369 

1.70 
1.71 
1.72 
1.73 
1.74 

.107  460  897 
.105  769  469 
.104  108  225 
.102  476  538 
.100  873  793 

1.25 
1.26 
1.27 
1.28 
1.29 

.229  203  837 
.225  122  243 
.221  127  261 
.217  216  641 
.213  388  204 

1.75 
1.76 
1.77 
1.78 
1.79 

.099  299  396 
.097  752  764 
.096  233  327 
.094  740  532 
.093  273  838 

1.30 
1.31 
1.32 
1.33 
1.34 

.209  639  841 
.205  969  509 
.202  375  229 
.196  855  084 
.195  407  215 

1.80 
1.81 
1.82 
1.83 
1.84 

.091  832  716 
.090  416  650 
.089  025  138 
.087  657  687 
.086  313  819 

1.35 
1.36 
1.37 
1.38 
1.39 

.192  029  823 
.188  721  160 
.185  479  533 
.182  303  299 
.179  190  867 

1.85 
1.86 
1.87 
1.88 
1.89 

.084  993  063 
.063  694  963 
.082  419  070 
.081  164  950 
.079  932  174 

• 

1.40 
1.41 
1.42 
1.43 
1.44 

.176  140  689 
.173  151  265 
. 170  221  139 
.167  348  897 
.164  538  166 

1.90 
1.91 
1.92 
1.93 
1.94 

.078  720  326 
.077  528  998 
.076  357  793 
.075  206  320 
.074  074  201 

1.45 
1.46 
1.47 
1.48 
1.49 

.161  772  612 
.159  065  942 
.166  411  895 
.153  809  249 
.151  256  816 

1.95 
1.96 
1.97 
1.96 
1.99 

.072  961  062 
.071  866  541 
.070  790  282 
.069  731  938 
.068  691  169 

1.50 

.148  753  440 

2.00 

.067  667  642 

J 
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A  REACTION  WHOSE  RATE  IS  DIMINISHED  BY 
RAISING  THE  TEMPERATURE 


BY  CLARA   C.    BENSON 

Towards  the  close  of  my  measurements  of  the  rates  of  the 
reactions  in  solutions  containing  chromic  acid,  potassium  iodide 
and  ferrous  sulphate/  I  was  surprised  to  find  that  the  amount  of 
iodine  liberated  in  a  minute  at  300  was  less  than  that  set  free 
in  the  same  time  at  o°  (see  Table  24). 

Taken  by  itself,  this  result  does  not  prove  that  the  rate  of 
liberation  of  iodine  is  less  at  300  than  at  o°,  and  at  first  I 
thought  it  most  likely  that  at  the  higher  temperature  the  reac- 
tion was  over  before  the  minute  was  up.  Analyses  at  the  ex- 
piration of  two,  four  and  eight  minutes,  however,  showed  that, 
far  from  being  completed  within  sixty  seconds,  the  reaction  was 
still  proceeding  after  four  minutes ;  and  as  in  blank  experiments 
(no  FeSO  )  no  iodine  was  set  free  inside  of  eight  minutes,  the 
conclusion  is  unavoidable  that  the  oxidation  of  potassium  iodide 
by  chromic  acid  in  presence  of  ferrous  sulphate  is  retarded  by 
raising  the  temperature. 

The  measurements  detailed  in  the  following  tables  show 
that  the  nature  of  the  reaction  at  300  is  much  the  same  as  at 
o°.  At  the  higher  temperature,  as  at  the  lower,  the  rate  is  pro- 
portional to  the  first  power  of  the  concentration  of  the  iodide 
(Tables  24  and  25),  to  the  first  power  of  the  concentra- 
tion of  the  ferrous  salt  (Tables  24  and  26)  and  to  the 
1.7th  power  of  the  concentration  of  the  bichrcmate  (Tables 
24  and  27).  The  retarding  influence  of  the  products  of 
oxidation  (Tables  24,  28,  34  and  30)  is  somewhat  less  at  the 
higher  temperature,  and  its  "ageing"  (Tables  15  and  29)  is  more 
rapid.  In  experiments  carried  out  without  addition  of  the 
products  of  oxidation,  the  rate  is  proportional  to  the  fourth 
power  of    the   concentration  of    the   acid  (Tables  31   and  32)  ; 
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while  in  their  presence  it  varies  with  the  second  or  third  power 
only  (Tables  24,  33  and  34).  At  zero,  in  the  presence  of  ex- 
cess of  the  products  of  oxidation  the  rate  is  proportional  to  the 
fourth  power,  while  in  the  absence  of  ferric  salts  the  reaction  is 
too  quick  for  accurate  measurement.  It  is  a  consequence  of  this 
difference  in  the  order  of  the  reaction  with  respect  to  the  acid, 
that  while  in  Tables  24,  25,  26  and  27  the  reaction  is  four  or 
five  times  as  quick  at  o°  as  at  30. 2°,  in  Tables  33  and  34  where 
larger  quantities  of  the  acid  were  employed,  it  is  seven  and  fif- 
teen times  as  quick,  respectively. 

A  single  experiment  (Table  35)  shows  that,  as  was  to  be 
expected,  the  rate  of  oxidation  of  ferrous  sulphate  by  chromic 
acid  in  absence  of  potassium  iodide  is  accelerated  by  heat ;  Mr. 
DeLury1  has  found  that  the  same  is  true  for  the  oxidation  of 
potassium  iodide  in  absence  of  ferrous  salts. 

The  only  reactions  hitherto  studied  whose  rates  have  a  neg- 
ative temperature  coefficient,  so  far  as  I  am  aware,  are  those  in 
which  a  colloidal  catalytic  agent  is  involved ;  in  these  cases  the 
rate  passes  through  a  maximum  as  the  temperature  is  increased, 
and  then  falls  off  because  of  the  coagulation  of  the  colloid. 
In  the  experiments  of  the  present  paper  the  only  colloid 
present  is  the  ferric  salt,  and  its  coagulation,  instead  of  retard- 
ing, accelerates  the  reaction. 

It  seems  probable,  however,  that  as  the  rates  in  other  com- 
plex systems  came  to  be  studied,  further  cases  of  negative  tem- 
perature coefficients  will  be  met  with,  and  that  the  present  in- 
stance may  be  regarded  as  typical  of  a  new  class.  Both  ferro- 
iodion  theory  and  peroxide  theory  are  ready  with  an  explanation 
of  the  retardation  ;  the  former  by  assuming  that  the  amount  of 

+ 
Fel  undissociated  is  less  at  high  temperatures,  and  the  latter  by 

asserting  that  as  the  temperature  is  raised  the  peroxide  reacts 

more  with  the  residual  ferrous  salt,  and  less  with  the  iodide. 

I  regret  that  in  the  time  at  my  disposal  I  am  not  able  to 

undertake  the   large   amount   of   work  necessary  to  ascertain 

whether  either  theory  could  be  brought  into  accord  with  quan- 

1  Jour.  Phys.  Chem.  7,  239  (1903). 
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titative  measurements ;  and  at  the  close  of  this  research  I  wish 
to  express  my  sincere  thanks  to  Prof.  W.  Lash  Miller  for  his 
interest  and  assistance. 

The  University  of  Toronto, 
November,  1903. 


The  experiments  were  carried  out  as  described  in  this 
Journal,  7,  357,  and  the  abbreviations  made  use  of  in  these  tables 
are  those  explained  in  that  paper. 

Acy  10  represents  ten  cc  of  0.059^  sulphuric  acid  (0.059 
gram-formula-weights  H9S04  per  liter) ;  CV,  10,  ten  cc  of  0.0083/^ 
KaCr90  (including  unreduced  bichromate  in  the  u  Ox  ") ;  AT, 
10,  ten  cc  of  0.0479-FAY;  Fey  1.0,  one  cc  of  0.05F  ferrous  sulphate; 
Ox,  5,  the  product  of  oxidation  of  five  cc  of  0.05F  ferrous  sul- 
phate :  0  is  the  duration  of  the  reaction  in  minutes ;  A sy  the 
number  of  cc  of  njioo  sodium  arsenite  equivalent  to  the  iodine 
liberated ;   V,  the  total  volume  in  cc  of  the  reacting  mixture. 

For  the  sake  of  convenience,  the  tables  are  numbered  con- 
secutively with  those  of  the  previous  paper,  "  As,  o°  (Table  3)," 
for  example,  referring  to  Table  3,  Jour.  Phys.  Chem.  7,  379. 

I  take  this  opportunity  of  correcting  the  following  mis- 
prints :  Table  22  (Jour.  Phys.  Chem.  7,  387),  second  column, 
should  read :  100,  129.  152,  162,  in  place  of  100,  116,  126,  131. 
In  equation  7  (p.  372)  the  sign  of  equality  has  been  omitted 
after  dy\d6,  and  on  page  376  the  /  sign  has  been  omitted  from 
the  expression  aa/£(i  —  a)  =  1077. 


Table  24 


6 


Ac,  10  ;  Cr,  20  ;  KI,  20  ;  Ox,  5  ;  Fe,  1.0  ;  V,  700 

.  .  _ 

0.5  1  2  4 


As,  30.20  (Expt.  37)        '      —  0.55 

As,  o°  (Table  3)  ;     1.05    |     1.90        u.._        ^.^    , 

Blanks  (30.20)  :  0  =  4,  As  =  o  ;  0  =  8,  As  =  0.45 


2 

1 .05 
3.10 


8 
1.80        2.40 
4.30    i     5.60 
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Table  25 
Ac,  10 ;  Cr,  20 ;  KI,  10 ;  Ox,  5  ;  Fe,  1.0  ;  V,  700 


e 

As,  30. 20  (Expt.  38) 
As  o°  (Table  8) 


1.40 


Blank  (30.20)  : 


2 

0.80 

2.20 

0=8;  As 


4 

I.IO 

3-30 
o 


8 
1.85 

4.30 


Table  26 
Ac,  10  ;  Cr,  20 ;  KI,  20  ;  Ox,  5  ;  Fe,  0.5  ;  V,  700 


0 

As,  30. 20  (Expt.  39) 
As,  o°  (Table  3) 


1. 00 


2 

o.55 
i.75 


4 
0.90 

2.50 


8 

1.45 
3-30 


Blanks  (30.20)  :  6  =  4,  As  =  o ;  0  =  8,  As  =  0.45 

Table  27 
Ac,  10;  Cr,  30;  KI,  20;  Ox,  5 ;  Fe,  1.0;  V,  700 


0 

As,  30. 20  (Expt.  40) 

As,  o°  (Table  6) 


0.5 

1 

1 
0.80 

1     i-75 

2.95 

2  !     4  8 

1.45  :   2.30  t   2.80 

4J5    :     5.30    I      — 


Blanks  (30. 20)  :  0  =  5,  As  =  0;  0  =  8;  As  =  0.60 

Table  28 
Ac,  10 ;  Cr,  20;  KI,  20  ;  Ox,  o ;  Fe,  1.0 ;  V,  700 


0 

As,  30. 20  (Expt.  41) 

As,  o°  (Table  12) 


05 
0.90 

3.95 


1  2 

1.45        1.80 
5.00   ;     5.85 


4 
2.30 

6.30 


8 
2.60 


Blank  (30. 20)  :  0  =  8,  As  =0 


Table  29 
Expt.  42.     Ac,  10;  Cr,    20;  KI,    10;  Ox,  5;  Fe,   1.0  ;  V,   700; 

Temp.  30. 20  C 


Age  of  Ox 
0 

As 


fresh 

fresh 

2 
0.80 

4 

I.IO 

3  days 
2 

I.IO 


3  days 

4 
i-35 


Table  30 
Expt.  43.     Ac,   20;    Cr,   20;    KI,   20;  Ox,   o  ;  Fe,  1.0;  V,  700; 

Temp.  30. 20  C 


0 
As 


0.25 
2.65 


o-5 
340 


1.0 
4.40 


i 
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I  ABLE  31 

Expt.  44.     Ac,   10 ;   Cr,   10 ;    KI,   20 


Table  31 

;    KI,   20;  Ox,  o;  Fe,  1.0;  V,  700; 
Temp.  39. 7°  C 


6 
As 


2 
0.30 


8 
1. 10      '       1.35 


16 
2.25 


Table  32 
Expt.  45.     Ac,   20;    Cr,  10;    KI,    20;    Ox,  o;  Fe,  1.0;   V,  700; 

Temp.  39. 70  C 


0 
As 


0.5 
1.40 


,1 
2.15 


2 
2.70 


Table  33 
Ac,  15  ;  Cr,  20  ;  KI,  20 ;  Ox,  5  ;  Fe,  1.0  ;  V,  700 


0 

As,  30.20  (Expt.  46) 

As,  o°  (Table  5) 


0.5 

o.55 
3.00 

Table  34 


1 
4.60 


2 

2.00 

6.00 


1  able  34 
Ac,  20 ;  Cr,  20;  KI,  20;  Ox,  5  ;  Fe,  1.0 ;  V,  700. 


0 

As,  30. 20  (Expt.  47) 

As,  o°  (Table  5) 


0.25 


405 


o-5 

i.35 

5-75 


I 

2 

2.25 

3.4o 

7-15 

8.00 

4 
430 


Blank  (30.20)  :  0  =  4,  As  =  o 


Table  35  (Expt.  48) 

In  the  mixture  Ac  =  20,  Cr  =  10,  Ox  =  5,  Fe  =  1.0,  V  = 
700,  at  o°,  after  half  a  minute,  0.78  cc  of  the  ferrous  salt  re- 
mained unoxidized  (Table  19). 

In  the  same  mixture  at  30. 2°,  the  amount  of  ferrous  sul- 
phate remaining  after  half  a  minute  caused  the  liberation  (in 
four  minutes)  of  iodine  equivalent  to  As  =  1.15,  when  KI  =  20 
was  added,  and  water  enough  to  bring  the  total  volume  up  to 
800  cc. 

But  in  the  mixture  Ac  =  20,  Cr  =  10,  KI  =  20,  Ox  =  5, 
Fe  =  0.75,  V  =  800,  for  0  =  4,  As  =  1.70.  Consequently,  less 
than  0.75  cc  of  FeSO  must  have  remained  unoxidized  after 
half  a  minute  in  the  previous  experiment  (See  Jour.  Phys. 
Chem.  7,  1  (1903)). 


Rate  Diminished  by  Raising  the  Temperature 
List  of  Experiments 
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3 

a 

3 

'1  ' 

IO 

ao 

3 ;  a 

5  !  .1 

6  '  3 

'5 
'5 

» 

*? 

7   4 

ti    4 

k 

!o 

?o 

8     '3 


46  :  3.1 

47  34 

48  35 


* 

...   .    ... 

B. 

37» 

See  also  Tables  16,  17 

378 

7 

378 

378 

379 

16,  17 

379 

"   "    "   «7 

379 

379 

38o 

6,  17 

380 

380 

380 

38o 

381 

16,  17 

381 

17 

381 

16,17 

0 

38*  ! 

383 

383  i 

383  | 

383  ! 

383 

384 

384 

384 

384 

384 

384 

384 

386 

3S6 

386 

3°.a 

11S 

.10.2 

119 

30.2 

"9 

30.2 

Ml) 

So.  a 

"9 

30. 1 

119 

30.2 

119 

39  7 

39.7 

JO.  1 

ii 

Wat  added 
K,Fe(CN)»  added 

See  also  Table  17 
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Ill  the  manufacture  of  both  coal  gas  and  carbureted 
water-gun  il  is  a  matter  of  great  practical  importance  tbar 
ire  should  hare  a  knowledge  of  the  temperatures  nt  which 
the  various  hydrocarbons  decompose  (especially  those  used 
for  enriching  parpoieH),  end  the  extent  to  which  the  de- 
composition increases  with  increasing  temperature.  The 
moat  Important  anmng  these  reactions  is  the  decomposition 
of  benieuu  (C,H,).  Suppose,  for  instance,  we  Mart  with 
the  gas  oils  which  are  higher  normal  paraffins,  the 
pyrrgenetic  reactions  are  such  as  ire  indicated  by  the 
following  ; — Higher  paraffins  -slower  paraffin-  — »  define* 
—r  acetylenes  -»  benienes  -*  diphenyl,  &c.  -»  naphthalene, 
4c.  —r  tarry  matter— »  carbon  and  hydrogen.  The  great 
value  of  benzene  in  increasing  the  illuminating  value  of  gas 
if  well  known  ;  and  the  nuisance  that  arises  from  the  forma- 
tion of  solid  substaucca  like  diphenyl  and  naphthalene,  which 
■top  np  both  pipes  and  machinery,  is  one  of  the  greatest 
obstacles  in  the  manufacture  of  coal  gas. 

The  precise  nature  of  the  above  reactions  becomes  then 
of  practical  importance,  and  the  experiments  carried  oat 
were  undertaken  to  throw  tome  light i  if  possible,  on  the 
transition  temperatures  of  thee  substances.  The  apparatus 
used  is  shown  in  Fig.  1. 

To  heat  the  furnace  V,  the  rheostat  K  and  the  furnace  F 
were  joined  in  parallel  and  connected  with  the  street  circuit. 
The  switch  3  was  also  inserted  to  permit  of  complete 
control  of  the  correal  from  the  working  table.  The 
furnace  was  heated  by  means  of  hot  platinum  resistance 
"   "din  its  fire-brick  walls      It -a-  found  con- 
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venient  to  surround  it  with  }  in.  asbestos  millboard,  pieces 
of  which  were  readily  cut  without  disturbing  the  edges,  by 
placing  it  between  pine  boards  and  using  a  saw.  In 
assembling  these  into  a  box  the  edges  were  preserved  for 
nailing  by  securing  tbe  pieces  in  a  vice.  In  front  of  the 
furnace  was  placed  a  piece  of  asbestos  with  three  holes, 
which  were  punched  by  means  of  a  sharpened  brans  tube 
against  a  hardwood  block.  Two  of  these  were  for  the  inlet 
and  outlet  of  the  copper  tube  which  was  to  carry  the  benzol 
vapour,  while  the  third  was  for  the  introduction  of  a  thermo 
couple. 

The  pyrometer  used  was  a  Le  Chntelier  made  by  Reiser 
and  Schmidt,  Berlin.  A  thermo-couple,  of  50  cm.  length, 
of  platinum  and  platinum  with  10  per  cent*  rhodium,  was 
introduced  into  the  furnace  by  means  of  a  porcelain  tube 
about  $  in.  in  diameter  and  perforated  by  two  holes,  each 
about  I  mm.  in  diameter.  To  the  thermo-couple  were 
joined  the  copper  wires  in  the  porcelain  dish  D,  which  was 
kept  at  zero  by  means  of  melting  ice.  The  copper  wires 
were  joined,  as  shown,  to  the  pyrometer,  which  was  pro- 
vided with  an  auxiliary  switch.  The  calibrations  of  the 
thermo-couple  were  plotted  on  section  paper  for  interpolation 
purposes. 

For  vaporising  the  benzene  the  device  shown  at  V  in 
the  right  of  tbe  figure  was  used.  An  electric  lamp  was 
mounted  on  a  block.  On  the  same  block  was  secured  a 
piece  of  tin  pipe  about  4  ins.  in  diameter.  A  piece  of 
J  in.  asbestos  was  cut  and  rolled  to  fit  the  inside  of  the 
tin  and  thus  prevent  loss  of  heat  by  radiation.  Tbe 
benzene  to  be  decomposed  was  placed  in  the  pear-shaped 
funnel  P.  The  stem  of  this  funnel  was  so  drawn  out  that 
the  drops  issuing  from  it  would  be  very  small ;  the  supply 
was  further  capable  of  control  by  the  tap  on  the  stem  of 
the  funnel.  In  this  way  small  drops  of  benzene  were 
allowed  to  fall  on  the  heated  bottom  of  the  flask,  where 
they  were  at  once  vaporised  and  subsequently  passed 
through  the  furnace,  the  rate  being  easily  regulated  by 
counting  the  drops. 

About  6  ft.  of  seamless  copper  tubing,  thin-walled,  and 
about  |  in.  external  diameter,  the  temper  drawn  by  pass- 
ing it  slowly  through  a  blow-pipe  flame,  were  coiled 
around  a  prepared  spool,  so  that  a  coil  of  about  4j  ft  of 
it  fitted  nicely  in  the  furnace,  leaving  an  aperture  between 
the  coils  sufficiently  large  to  allow  the  tube  which  insu- 
lated the  thermo  -  couple  being  passed  through  to  the 
middle  of  the  furnace.  The  ends  of  the  copper  tube  passed 
through  the  holes  shown  in  the  asbestos  pad  which  formed 
the  door  of  the  furnace,  and  were  bent  at  right  angles  so  as 
to  terminate  at  A  and  B  (see  Fig.  1). 

The  distilling  flask  was  selected  so  that  its  delivery  tube 
fitted  accurately  into  the  copper  tube  at  A,  and  the  joint 
was  further  secured  by  meaus  of  suitable  packing.     The 
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other  end  B,  of  the  oopper  tabe  wu  provided  with  a  short 
glass  condenser  S  ini.  in  length,  white  an  adapter  of  glass 
tubing  wu  dipped  over  the  end  of  the  copper  tabe,  and 
secured  by  means  of  a  section  of  rubber  tabing.  The 
adapter  pained  through  a  stopper  into  a  small  glass  Teasel 
in  which  were  caught  the  products  of  decomposition. 

To  determine  whether  the  benzene  had  been  decomposed 
or  not,  specific  gravity  determinations  were  made  by  means 
of  a  py  kilometer.  In  all  cases  these  were  taken  at  IS"  C, 
the  variation  of  the  specific  gravity  of  bemene  for  a 
difference  of  one  degree  centigrade  being  very  considerable. 
PerCenl. 

Specific  gravity  of  the  bsnsol  employed 

of  product*  after  beating  to  MS*  0. 

~  ..  mo*  a 


Fio.  2. 

A  second  method  of  determining  if  decomposition  had 
taken  place  was  to  nlowly  evaporate  a  portion  of  the  pro- 
duct to  dry  tie**,  and  to  examine  the  residue,  if  any,  by 

the  polarising  microncope.  The  Hceompanyiuir  table  shows 
the  result,'  obtained.  The  tabe  «■«.»  flintier  washed 
thoroughly  with  pure  benzol,  and  a  number  of  fractions 
taken  from  544°  to  550°,  but  it  coald  nut  be  said  that  the 
aetion  became  decidedly  perceptible  uuti]  after  550°  bad 
been  passed.     Prom  that  point  onwards  reference  to  the 
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carve   iFig.  2)  shows  the  extent  to  which  the  bemene 
▼■poors  become  decomposed  as  the  temperature  rises. 


Temperature  to 

Quantity 

which  it  had 
been  subjected 

Appearance  when  examined  by 

evaporated. 

iu  passing 

Polarising  Microscope. 

through  Tube. 

CO. 

°C. 

20 

Not  heated 

No  crystalline  structure. 

10 

404 

H                              *» 

10 

636 

Polarisation     colours     scarcely 

5 

660 

visible  in  residue. 

S 

60S 

Crystalline    residue   prominent, 
small  crystals  easily    distin- 
guished. 

It  would  thus  seem  advisable,  in  adding  enriching 
material  to,  say,  a  water-gas,  to  prevent  the  added  material 
from  being  subjected  to  a  temperature  much  greater  than 
700°  C. 

The  author  wishes  to  express  his  thanks  to  Prof.  VY .  R. 
Lang,  of  the  University  of  Toronto,  for  the  interest  shown 
and  the  assistance  rendered  in  this  investigation. 
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THE  ACTION  OF  LIQUEFIED  AMMONIA  ON  CHROMIC 

CHLORIDE. 

By  W.  r.  Lang  and  C.  M.  Carson. 

Received  January  30, 1904. 

Jorgenskn  describes  a  number  of  compounds  derived  from 
chromic  chloride  by  the  action  on  chromous  chloride  of  aqueous 
ammonia,  ammonium  chloride  and  subsequent  oxidation. 
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The  authors  have  obtained  similar  substances  by  the  direct  ac- 
tion of  dry  liquid  ammonia  on  violet  chromic  chloride  at  low  tem- 
peratures. Violet  chromic  chloride  is  not  acted  upon  by  aqueous 
ammonia  nor  by  dry  ammonia  gas,  but  liquid  ammonia  acts  upon 
it  readily,  completely  transforming  it  into  a  salmon-colored  pow- 
der. 

Experimental. — Three  grams  of  powdered  chromic  chloride  were 
placed  in  a  vessel  made  of  combustion  tubing,  closed  at  the  lower 
end  and  drawn  out  at  the  neck  to  allow  of  the  tube  being  sealed  at 
the  blowpipe.  The  whole  was  placed  in  a  freezing-mixture,  con- 
sisting of  solid  carbonic  acid  and  ether,  and  ammonia,  dried  over 
potassium  hydroxide,  was  passed  in.  No  action  took  place  until 
liquefaction  began,  when  the  chromic  chloride  swelled  up  and  be- 
came pasty,  the  color  changing  at  the  same  time  to  a  dark  salmon- 
pink.  Ammonia  in  considerable  excess  was  allowed  to  accumulate 
on  the  top  of  the  mass  and  the  tube  was  then  sealed.  The  tube 
containing  the  salmon-colored  material  was  set  aside  for  a  week 
at  the  room  temperature,  being  shaken  occasionally  to  insure 
thorough  mixing.  Subsequent  experiments  showed  the  action  of 
the  ammonia  to  have  been  complete  from  the  first,  so  in  preparing 
further  quantities  this  was  omitted.  The  liquid  ammonia  on 
standing  separated  out  colorless.  The  tube  was  then  cooled  to 
— 350  and  opened,  the  temperature  raised  gradually  to  o°,  at 
which  it  was  kept  constant  for  twenty-four  hours,  and  the  dry 
powder  remaining  kept  for  investigation.  Further  quantities 
were  prepared  in  the  same  way  and  left  standing  at  o°  for  two  an  A 
four  days  respectively.  Another  portion  of  the  powder  was  left 
at  1 50  C.  for  two  days,  and  yet  another  portion  was  heated  to 
1  io°  C.  for  the  same  length  of  time  when  the  color  becamt-  more 
distinctly  pink.  Analyses  of  the  powder  obtained  at  o°,  150,  and 
no°  respectively  yielded: 

(A)        (B)        (C)i 

At  o°.      At  150.     At  1  io°. 

Per  cent.   Per  cent.   Per  cent. 

Chromium 20.1  20.6  21.7 

Chlorine 41. 1  416  44.1 

Ammonia 38.6  37.8  34.1 

99.8  100.0  99.9 

Corresponding  to  molecules  of  NH,  per  molecule 

ofCr2Cl6 11. 7  1 1.2  9.7 

1  This  analysis  was  done  by  Mr.  J.  A  M.  Dawson. 
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Further  heating  continued  for  twenty-four  hours  to  1300 
brought  about  the  separation  of  a  small  amount  of  chromic  oxide 
but  complete  decomposition  into  chromic  oxide  did  not  take  place 
until  a  temperature  of  1800  was  reached. 

From  the  analytical  results  it  was  evident  that  the  powders 
contained  a  mixture  of  substances,  and  the  following  investigation 
led  to  the  isolation  of  two  definite  compounds  therefrom. 

I.  The  powder  which  had  remained  at  o°  was  treated  with  a 
small  quantity  of  cold  water,  5  cc.  to  every  gram  of  the  substance. 
Partial  solution  took  place,  and  on  filtering  off  from  the  undis- 
solved solid,  a  clear  solution  of  a  brown  color  was  obtained,  which 
on  standing  in  the  air  for  even  a  short  time,  evolved  ammonia  and 
deposited  chromium  hydroxide.  On  removing  the  precipitated 
chromium  hydroxide  and  rapidly  evaporating  in  vacuo,  yellow 
crystals  separated  out,  which  were  collected  and  dried  between 
filter-paper  (for  convenience  let  a  indicate  the  yellow  crystals). 
The  residue  from  this  first  extraction  with  water  was  treated  in 
the  cold  with  a  further  quantity  of  the  solvent  and  filtered.  Evapo- 
ration in  vacuo  yielded,  when  carefully  conducted,  red  crystals 
(/?).  When  the  concentration  in  the  vacuum  desiccator  was  con- 
ducted too  slowly,  slight  decomposition  into  gelatinous  chromium 
hydroxide  took  place  with  the  evolution  of  ammonia,  but  if  rapidly 
conducted  in  shallow  evaporating  dishes,  the  crystals  separated 
readily  from  the  solution  and  no  ammonia  was  evolved.  Analysis 
of  the  yellow  compound  and  the  red  compound  gave : 

a-Salt.  jS-Salt. 

Per  cent.       Per  cent. 

Chromium 18.7  21.52 

Chlorine 38.0  43.20 

Ammonia 36.6  35.00 

Water  (by  difference) 6.7  0.00 

100.00         99.72 

The  composition  of  the  yellow  a  -compound  thus  corresponds 
with  the  formula  Cr2Cle,i2NH8,2H20,  and  that  of  the  red  /?- 
compound  with  Cr2Cl6,ioNH8. 

II.  The  powder  obtained  by  keeping  the  original  substance  at 
1 50  was  similarly  extracted  with  water,  and  from  it  were  obtained 
yellow  and  red  crystals,  whose  composition  and  properties  were 
identical  with  the  ar-  and  ^-compounds  obtained  in  I. 

III.  Treatment  of  the  original  pink  substance  with  cold  water, 
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which  had  been  maintained  for  two  days  at  ioo°  C,  yielded  no  a- 
crystals,  but  the  red  ^-compound  only. 

PROPERTIES   OF   THE   «-AND    ^-CRYSTALS. 

The  yellow  crystals  are  soluble  in  water,  but  insoluble  in  hydro- 
chloric acid  and  in  alcohol.  From  the  aqueous  solution  all  the 
chlorine  is  precipitated  in  the  cold  by  silver  nitrate.  On  standing 
at  1  io°  for  two  days,  the  yellow  crystals  are  changed  partly  into 
a  red  powder,  with  separation  of  chromic  oxide.  These  crystals 
evidently  correspond  with  the  luteochromium  compounds  obtained 
by  Jorgensen1  of  the  general  formula  Cr2i2NH8X6. 

The  red  compound  crystallizes  in  small  perfectly  formed  cubes 
and  octahedra.  They  dissolve  in  cold  water  slowly,  while  hot 
water  causes  a  separation  of  chromium  hydroxide.  Hydrochloric 
acid  and  alcohol  exert  no  solvent  action  on  them.  Further,  when 
the  crystals  are  treated  with  liquid  ammonia,  no  change  takes 
place,  and  on  addition  of  a  small  quantity  of  violet  chromium 
chloride  to  the  mixture  of  the  salt  and  ammonia  the  chromic  chlo- 
ride reacts  at  once  with  the  ammonia,  yielding  a  pink  powder  from 
which  the  /f-crystais  may  be  separated  mechanically.  On  treating 
the  mixed  crystals  and  powder  with  cold  water,  the  latter  readily 
dissolved  away,  leaving  the  red  crystals  untouched.  The  compo- 
sition of  this /^-compound,  Cr2ioNH8Cl6,  points  to  its  being  chlor- 
ptirpureochromium  chloride. 

Chemical  Laboratory,  Univer- 
sity op  Toronto. 


NOTE  ON  THE  ACTION  OF  METHYLAMINE  ON  CHRONIC 

CHLORIDE. 

By  W.  R.  Lang  and  E.  H.  Jolliffe. 
Received  January  30, 1904. 

A  solution  of  methylamine  was  gently  heated  and  the  gas  con- 
ducted through  drying  towers  filled  with  potassium  hydroxide  to 
a  glass  tube  containing  chromium  chloride  and  immersed  in  a 
freezing-mixture  at  a  temperature  of  — io°.  As  soon  as  the  liquid 
methylamine  collected  in  the  tube,  combination  between  it  and  the 
chromic  chloride  took  place  and  a  substance  of  a  pale  pink  color, 
closely  resembling  the  ammonia  compound  (Lang  and  Carson), 
was  formed.    The  excess  of  methylamine  was  allowed  to  pass  off 

ij.pmkt.  Ckem.,  [2]  30,  1. 
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and  the  contents  of  the  tube  dissolved  in  water.  The  substance 
was  very  soluble  and  the  least  possible  quantity  of  water  was  used. 
The  solution,  on  rapid  evaporation  in  vacuo,  yielded  dark  red 
crystals.  Considerable  difficulty  was  experienced  in  obtaining 
these  crystals,  owing  to  the  rapidity  with  which  the  solution  de- 
composed into  chromic  hydroxide;  conseque-'1"  the  analysis  of 
the  crystals  obtained  by  repeated  operations  *u  to  be  made  on 
very  small  quantities.  Analysis  of  the  crystals  thus  obtained  from 
the  compound  at  a  temperature  of  150  gave: 

Calculated  for 
Pound.        CrsCl0ioCHsNH*. 
Per  cent.  Per  cent. 

Chromium 16.25  16.68 

Chlorine 35.20  33-9* 

Methylatnine 48.50  49.6 

99.95  100.00 

Crystals  produced  in  a  similar  manner  from  the  original  com- 
pound, previously  heated  to^0,  gave: 

Pound.  Calculated. 

Per  cent.  Per  cent. 

Chromium 16.55  16.61 

Chlorine   34*  J9  33*86 

Methylamine 48.89  49*53 

99.63  100.00 

The  composition  of  these  crystals  is  therefore  CraCle,ioCH8NH2, 
corresponding  to  the  similarly  constituted  chloropurpureochromium 
chloride  obtained  (Lang  and  Carson)  from  anhydrous  ammonia 
and  chromic  chloride. 

On  heating  to  ioo°  the  compound  formed  by  the  direct  action  of 
methylamine  on  chromic  chloride,  analysis  showed  it  to  contain 
43.26  per  cent,  of  methylamine,  which  would  point  to  its  composi- 
tion being  Cr,Cl6,  8CH8NH2,  the  percentage  in  this  latter  being 
43.8.    At  1240  C.  complete  decomposition  into  Cr2Os  took  place. 

The  analogy  between  the  crystals  thus  obtained  and  the  chloro- 
purpureo  compound  is  evident.  The  great  difficulty  of  obtaining 
pure  methylamine  on  the  American  continent  prevented  the  in- 
vestigation of  these  substances  being  continued  further  or  more 
accurate  analyses  being  made.  Aniline  and  methylaniline  had  no 
action  on  the  violet  chromic  chloride  whether  in  the  cold  or  when 
heated  together.  The  effect  of  heating  for  any  length  of  time  in 
a  sealed  tube  was  not  tried. 

Chemical  I^aboratory.  the  Univer- 
sity of  Toronto,  Canada. 


A  MECHANICAL  MODEL  TO  ILLUSTRATE  THE 

GAS  LAWS 


BY  FRANK  B.  KENRICK 

The  difficulty  of  getting  elementary  students  to  grasp  the 
fundamental  ideas  of  the  gas  laws,  Carnot's  cycle,  the  entropy 
function,  etc.,  must  have  confronted  every  teacher  of  physical 
chemistry.  The  student  learns  all  too  easily  that  "  peevee  equals 
enartee  ",  but  the  apparent  simplicity  of  the  relations  and  the 
absence  of  concrete  conceptions  and  numerical  examples  —  to 
say  nothing  of  absence  of  interest  —  combine  to  create  a  state 
of  vagueness  which  will  often  hamper  his  progress  for  years. 
In  order  to  overcome  this  difficulty  the  writer  has  constructed  a 
simple  model  which  has  worked  admirably,  not  only  in  giving 
students  definite  conceptions  of  Carnot's  cycle,  etc.,  but  also  in 
awakening  their  interest  in,  and  aiding  them  to  grasp,  the  essen- 
tial idea  of  the  calculus. 

The  model  described  below7  is,  of  course,  only  one  of  many 
possible  arrangements  which  are  not  difficult  to  invent  on  paper, 
but  this  one  has  the  advantage  of  having  been  actually  tried 
and  used  by  students,  and  this  seems  a  sufficient  reason  for  pub- 
lishing its  description.  It  can  be  constructed  with  abbut  a  day's 
work  by  any  amateur  mechanic. 


FiK.  i 
It  may  be  objected  that  the  model  is  more  complicated  than 
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the  laws  it  is  intended  to  elucidate.  To  this  it  may  be  answered 
that  if  it  were  not  so  the  students  would  pass  it  over  as  lightly 
as  they  do  the  laws  themselves. 

The  model  is  set  up  on  the  vacant  wall  of  a  laboratory 
where  students  may  work  with  it  without  interference  from  in- 
structors. The  essential  part  of  the  apparatus  is  a  circular 
wooden  pulley  A,  20  cm  in  diameter,  to  which  is  fixed  rigidly  a 
wooden  curve  B,  the  co-ordinates  of  which  are  given  in  Table  I, 
and  which,  together  with  the  second  curve  (mentioned  below),  is 
exactly  counterbalanced  by  the  weight  D.  The  curves  are 
made  of  3/8-inch  pine  and  carry  double  rows  of  ordinary  pins 
on  the  edge  which  act  as  flanges.  The  whole  is  pivoted  with 
brass  bearings  on  a  horizontal  steel  pin.  At  a  suitable  point  on 
A  is  fixed  an  iron  wire  (No.  24,  B.  &  S.)  which  carries  a  pan  P 
at  its  lower  end.  A  tin  cross-piece  is  attached  to  the  wire  at  a 
convenient  height  from  the  ground  to  represent  a  piston,  be- 
hind which  is  a  piece  of  cardboard  bearing  a  diagram  of  a  cyl- 
inder and  a  millimeter  scale.  To  the  right  hand  end  of  the 
curve  B  a  piece  of  strong  thread  is  fastened,  which  passes  round 
the  curve  to  a  pulley  F,  similar  to  A,  and  thence  downwards  to 
the  end  of  the  lever  G,  pivoted  at  H.  This  lever  is  made 
of  a  strip  of  light  wood,  about  4  meters  long,  and  is  braced  with 
wire,  as  shown  in  the  diagram,  and  also  in  the  horizontal!  plane. 
It  is  counterbalanced  by  the  weight  M  and  is  strong  enough  to 
carry  a  5  kg  weight  at  T.  This  weight  rests  on  a  toy  wagon 
which  may  be  moved  along  a  flat  board  between  J  and  K.  On 
the  edge  of  this  board,  which  is  in  such  a  position  that  the  cen- 
tre of  gravity  of  the  weight  remains  in  a  line  with  the  end  of 
the  lever  and  the  fulcrum,  is  pasted  a  millimeter  scale,  numbered 
from  the  fulcrum  as  zero. 

The  curve  B  fulfils  the  condition  that  the  length  of  the 
perpendicular  from  the  centre  of  revolution  to  the  horizontal 
tangent  is  inversely  proportional  to  the  angle  through  which  the 
curve  is  moved.  It  is  part  of  an  infinite  spiral,  and  was  obtained 
graphically  as  the  envelope  of  a  suitable  number  of  tangents. 
The  position  of  the  bottom  of  the  cylinder  (vol.  =  o)  may  be 
found  by  turning  the  curve  to  the  position  in  which  the  jy-axis 
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(see  table)  is  horizontal.  This  corresponds  to  the  angle  of  revo- 
lution taken  as  zero,  in  drawing  the  curve.  The  distance  of  A 
from  F,  about  5  meters,  is  such  that  the  thread  remains  prac- 
tically horizontal. 

This  arrangement  gives  the  relation  between  pressure,  vol- 
ume, and  temperature, 

pv  =  wR/. 

The  pressure  in  grams  is  the  weight  on  the  pan  P,  plus  the 
weight  of  the  pan  which  is  100  g.  The  volume  is  the  distance 
of  E  from  the  bottom  of  the  cylinder,  and  the  absolute  temper- 
ature is  the  distance,  in  millimeters,  of  a  pointer  at  the  centre  of 
gravity  of  the  wagon  T  from  the  fulcrum  H.  For  the  dimen- 
sions and  weight  given,  the  value  of  n  is  0.000317  g-mol  and 
the  limits  of  volume  are  in  the  ratio  of  1  to  5. 

The  work  done  in  compressing  the  gas  isothermally  is 
equal  to  the  work  required  to  raise  the  weight  T,  and  therefore 
the  scale  L  (which  is  1400  mm  from  the  fulcrum)  gives  the 
value  of  const,  log  v  +  const.  If  d  is  the  reading  in  centi- 
meters on  this  scale, 

work  =  5000 d  g-cm . 

1400 

The  additional  restriction  imposed  on  the  variability  of  fi, 
v,  and  /  for  adiabatic  changes  is  supplied  by  the  following  ar- 
rangement. To  the  wheel  A  is  fixed  a  second  curve  C  which  ful- 
fils the  following  condition  : 

const 

S~  ak~*   ■ 

where  s  is  the  horizontal  movement  of  a  tangential  thread,  a  the 
angle  of  rotation,  and  k  the  ratio  CplQv. 

If  /  is  the  length  of  the  perpendicular  from  the  centre  of 
revolution  to  the  horizontal  tangent,  then 

,        ds  ,       * 

/  =  -  -—  —  const  a~  * 
da 

and  consequently  it  was  possible  to  obtain  this  curve,  graphically, 
exactly  as  in  the  case  of  the  one  already  described.     The  co- 
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ordinates  of  the  curve  for  k  =  2  are  given  in  Table  II.1  The 
tangential  thread9  actuates  the  lever  R  and  the  pointer  Q,  made 
of  a  very  light,  thin  glass  tube  properly  counterbalanced,  to  the 
end  of  which  is  attached  a  plumb  line  N,  N  of  fine  cotton  ter- 
minating in  a  small  weight.  Since  R  is  at  a  distance  of  about 
five  meters  from  C  and  Q,  it  is  clear  that  the  horizontal  move- 
ments of  the  plumb  line  N  represent  the  alteration  of  temper- 
ature for  an  adiabatic  change  of  volume,  v,  or, 

iv*  ~ x  =  const. 

Since  the  pivot  of  Q  is  exactly  over  the  zero  of  absolute 
temperature,  H,  the  proper  value  may  be  given  to  the  above 
constant  for  any  adiabatic  line  by  moving  the  connecting  point 
S  (a  small  piece  of  sheet  rubber  with  a  hole  in  it)  up  or  down 
the  glass  pointer  till  N  is  opposite  the  pointer  on  the  tempera- 
ture wagon.  To  carry  out  an  adiabatic  expansion,  therefore, 
it  is  simply  necessary  to  set  the  pointer  for  the  initial  state  by 
adjustment  of  the  point  S,  and  then  to  keep  the  temperature 
wagon  opposite  N  during  the  alterations  of  pressure.  It  is 
necessary,  of  course,  after  setting  up  the  model,  to  adjust  the 
length  of  the  fiber  Z,  so  that  at  infinite  volume  the  adiabatic 
pointer  will  be  at  zero.  This  can  be  done  by  adjusting  the  fiber 
to  any  length,  taking  two  pairs  of  readings  of  temperature  and 
volume,  and  calculating  what  correction  in  length  will  satisfy 
the  above  equation. 

The  co-ordinates  of  the  curves  B  and  C  are  given  in  the 
following  tables.  The  values  are  expressed  in  centimeters. 
For  both  curves  the  centre  of  revolution  is  x  =  10,  y  =  12.5 
and  the  tangent  for  vol.  =  o  is  parallel  to  the  >>-axis. 

1  The  value  2  was  chosen  rather  than  an  actual  value  for  some  known 
gas,  both  to  simplify  the  calculations  and  also  to  avoid  the  extreme  slenderness 
of  the  p,  z/-diagram  of  an  actual  Carnot's  cycle. 

*  Owing  to  the  necessary  lightness  of  the  pointer  and  plumb  line,  the 
11  sag  "  even  of  the  finest  cotton  introduces  an  error.  For  this  reason  fine  glass 
fibers  were  used  for  working  the  adiabatic  pointer  and  found  quite  satisfactory. 
They  can  be  attached  to  pieces  of  cotton,  at  the  two  ends,  by  strips  of  gummed 
paper. 
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Table  I.  (Curve  B) 


X 

y 

X 

y 

10.8 

8.7 

4-5 

17.7 

IO.O 

8-45 

5.4 

19.4 

9-i 

8.4 

6.7 

21.0 

8.15 

8.5 

•     8.5 

22.4 

7.25 

8.75       ! 

11. 1 

237 

6.40 

9.2 

14.0 

24.5 

5.5 

9-95 

18. 1 

24.9 

4.8 

10.9 

23-3 

243 

425 

11. 9 

30.0 

22.2 

39 

13.0 

38.5 

175 

3-8 

14.3 

495 

8.4 

4.0 

16.0 

575 

1           0.0 

Table  II.  (Curve  C) 


X 

y 

10.2 

12.0 

10.0 

n.87 

9-7 

11. 8 

9-3 

11. 9 

8-9 

12.2 

8.6 

12.7 

8.4 

136 

8.7 

14.7 

9.8 

16.2 

11. 2 

17.2 

12.6 

179 

15.0 

18.5 

177 

21.0 

23.5 

27.0 

30.2 

38.6 

49.0 
55.5 


18.7 

18.5 

18. 1 

17. 1 

16.0 
11. 9 

55 
0.4 


In  conclusion,  a  few  examples  of  the  problems  illustrated 
by  the  model  may  not  be  out  of  place.1 

A  Carnot's  cycle  process  was  carried  out  between  the  abso- 
lute temperatures  4830  and  3600,  and  a  number  of  points  were 
plotted  in  pressure- volume  co-ordinates  on  millimeter  paper. 
The  various  areas  were  cut  out,  weighed,  and  compared  with  a 
square  of  paper  of  known  size.  The  work  gained  during  the 
cycle  was  calculated  by  the  following  methods : 


1  The   numbers  and   calculations   were   supplied   by   two    second    year 
students,  Messrs.  T.  B.  Allen  and  R.  A.  Daly. 
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( 1 )  Weight  of  area  enclosed  by  the  two  isothermals  and 

two  adiabatics,  0.2320  g,  corresponding  to  1850  g-cm. 

(2)  Weights  of  areas  representing  work  done  during  iso- 

thermal expansions  at  4830  aud  360,  °,  respectively, 

0.8965  g,  corresponding  to  7156  g-cm 

and  o.  6697  g,  "  "  5346     " 

•  Difference 18 10  g-cm. 

T'— T"          483—360 
'3)  — y-Qi  =  *    483       7156= 1822  g-cm. 

(4)        0.000317  R  (483  log.  ^~2  —  360  log  Q-J  =   1636  g-cm. 

The  work  done  during  the  isothermal  expansion  at  483°, 
calculated  directly  from  weight  of  wagon  (4855  g)  X  distance 
raised  (determined  from  movement  of  pointer,  4.13  cm,  on  scale 
L  in  figure)  was : 

48^ 
4855—-—  •  4.13  =6916  g-cm  (compare  value  above,  7156  g-cm.) 
1400 

The  equality  of  the  amounts  of  work  done  during  the  two 
adiabatic  expansions  is  illustrated  by  the  weights  of  the  corre- 
sponding areas  of  paper : 

o.3993  g  and  0.4045  g. 

The  values  of  the  constant  R,  calculated  from  various 
points,  taken  at  random,  from  the  above-mentioned  curves,  are 

853io>     85190,     83710,     85150,     84740. 

The  constancy  of  pit  is  illustrated  by  the  values  calculated 
for  three  points  on  one  of  the  adiabatics  : 

21250,     21 100,     20820. 

It  will  be  noticed  that  the  model  is  not  perfect ;  but  the 
same  may  be  said  of  gases. 

University  of  Toronto, 
Chemical  Laboratory, 
April,  1904, 


THE   RATE  OF   THE   REACTION    BETWEEN    IODIC 

AND  HYDRIODIC  ACIDS 


BY   SAUL   DUSHMAN 

In  1888  the  rate  of  reaction  between  iodic  and  hydriodic 
acids  was  made  the  subject  of  a  research  by  O.  Burchard,1  who 
endeavored  to  discover  a  relation  between  the  rate  and  the  con- 
centrations of  these  two  reagents.  His  results,  however,  were 
unsatisfactory,  and  the  author  concludes  his  paper  with  the 
words,  u  In  spite  of  all  attempts,  I  have  not  succeeded  in  represent- 
ing the  rate  of  the  reaction  by  a  general  differential  equation  ". 

In  light  of  the  electrolytic  dissociation  theory  introdiiced 
by  Arrhenius  just  at  the  time  of  Burchard's  publication,  it  now 

seems  advisable  to  represent  hydrogen  iodide  in  solution  as  con- 

+  — 

sisting  almost   entirely  of    hydrion  (H)  and  iodion  (I) ;  simi- 

+ 
larly  a  solution  of  iodic  acid  contains  hydrion  (H)  and  iodation 

(IO  ),  while  brown  u iodine"  solution  contains  tri-iodion  (I  ). 
Thus,  in  place  of  Burchard's  equation, 

5HI  +  HIO,  -  3I,  +  3HuO,  ( 1 ) 

it  seems  better  to  write 

6H  +  81  +  I03  =  3I>  +  3HA  (2) 

and  in  consequence,  I  have  studied  the  effect  of  the  concentra- 
tions of  H,  I,  IO  and  I  on  the  rate,  instead  of  adopting  the 
variables  chosen  by  Burchard. 

In  planning  the  experiments,  I  adopted  a  method  which 
was  originally  employed  by  Harcourt  and  Esson  in  their  classi- 
cal research,  "On  the  Observation  of  the  Course  of  Chemical 
Change",  in  i866,a  but  which  had,  apparently  been  completely 
forgotten  by  1888.     The  principle  of  the  method  is   very  sim- 


1  Zeit.  phys.  Chem.  2,  796  (1888). 
1  Jour.  Chem.  Soc.  20,  476  (1867). 
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pie,  and  consists  in  keeping  the  concentrations  of  all  the  re- 
agents but  one  constant,  or  almost  constant,  during  the  progress 
of  the  reaction ;  any  change  in  the  rate  must  then  be  ascribed 
to  changes  in  the  concentration  of  that  one  substance  only.  In 
Burchard's  work  on  the  other  hand,  the  concentrations  of  all 
the  reagents  changed  during  every  experiment,  and  he  was  un- 
able to  discover  the  effect  due  to  each. 

In  the  investigations  of  Harcourt  and  Essen,  and  in  those 
carried  on  in  this  laboratory  by  Messrs.  Bray,1  Bell,2  Roebuck,3 
DeLury,4Forster,5and  Miss  Benson,6  the  concentrations  of  all  the 
reagents  except  one  were  held  constant  by  employing  relatively 
high  concentrations  of  the  reagents  in  question.  In  my  prelimi- 
nary experiments  I  made  up  the  solutions  on  the  same  plan, 
using  a  small  amount  of  potassium  iodate  (iodation),  and  large 
excesses  of  potassium  iodide  (iodion)  and  hydrochloric  acid 
(hydrion).  I  soon  found,  however,  that  the  solutions  had  to  be 
much  diluted  in  order  to  make  the  rate  of  the  reaction  slow 
enough  to  measure,  and  that  in  these  very  dilute  solutions  accu- 
rate analytical  determination  of  the  iodine  liberated  was  im- 
possible. 

Finally  I  replaced  the  excess  of  hydrochloric  acid  by  ex- 
cess of  acetic  acid  and  sodium  acetate,  thus  obtaining  solutions 
in  which  the  concentration  of  the  hydrion,  though  lower  than 
those  of  the  iodation  and  iodion,  remained  unaltered  throughout 
the  experiment.  In  the  acetic  acid  solutions  the  rate  was  much 
slower  than  in  those  containing  hydrochloric  acid,  great  dilution 
was  not  necessary,  and  the  analytical  difficulties  referred  to  above 
were  avoided. 

Experiments  in  which  the  concentrations  of  the  reagents 
were  systematically  varied  led  to  very  simple  results,  namely, 
that  the  rate  of  the  reaction  between  hydriodic  and  iodic  acids 


1  Jour.  Phys.  Chem.  7,  92  ( 1903). 

*  Ibid.  7,  61  (1903). 
8  Ibid.  6,  365  (1902). 

*  Ibid.  7.239  (1903). 
5  Ibid.  7.640  (1903). 
•Ibid.  7»  1  (i9°3)- 
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is  proportional  to  the  concentration  of  the  iodation,  to  the 
square  of  the  concentration  of  the  hydrion,  and  to  the  1.8th  or 
1.9th  power  of  that  of  the  iodion,  while  the  tri-iodion  exerts 
an  accelerating  influence  which  was  studied  in  detail.  By 
means  of  the  differential  equation  embodying  these  relations, 
I  was  able  to  predict  the  course  of  the  reaction  in  solutions  con- 
taining hydriodic  and  iodic  acids  only. 

The  results,  apart  from  their  intrinsic  interest,  are  of  value 
as  showing  the  power  of  Harcourt  and  Esson's  method  in  the 
study  of  Chemical  Kinetics.  As  recently  as  1898,  in  a  paper  on 
uThe  Reduction  of  Bromic  Acid  and  the  Law  of  Mass  Action  ",' 
the  authors,  Messrs.  Judson  and  Walker,  expressed  themselves 
as  follows  :  "  It  is  evident,  therefore,  that  the  action  of  hydriodic 
acid  on  the  oxygen  acids  of  the  halogens  is  of  too  intricate  a 
nature  to  give  any  satisfactory  numerical  results".  The  rate  of 
this  "intricate  reaction  "  is  now  known  as  a  simple  function  of 
the  concentrations  of  the  reagents  involved. 

METHOD  OF  WORKING 
Precautions  taken  to  exclude  air 

As  the  unsatisfactory  outcome  of  Burchard's  investigation 
has  been  ascribed  in  part  to  the  action  of  atmospheric  oxygen  on 
his  solutions,  I  took  special  precautions  to  exclude  air  during 
the  work.  Pairs  of  experiments,  however,  in  one  of  which  the 
air  was  excluded,  while  in  the  other  it  was  allowed  access, 
seemed  to  show  that  the  error  arising  from  this  source  was 
negligible. 

All  the  solutions  used  in  the  experiments  were  prepared 
free  from  air  by  boiling  and  cooling  in  vacuo,  and  were  kept 
under  carbonic  acid  gas,  which  was  purified  by  passing  through 
water,  solutions  of  sulphuric  acid,  ferrous  sulphate,  and  perman- 
ganate of  potassium,  and  through  a  long  tube  filled  with  cotton 
wool. 

Before  removing  a  solution  from  one  of  the  stoppered  flasks 
clamped  in  the  thermostat  (see  below),  the  pipettes  were  filled 

1  Jour.  Chem.  Soc.  73,  411  ( 1898). 
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with  carbon  dioxide,  and  a  current  of  the  gas  was  passed  into  the 
flask  as  long  as  the  stopper  was  out. 

Description  of  an  experiment 

The  main  stock  of  the  solutions  of  potassium  iodide,  potas- 
sium iodate,  acetic  acid  and  sodium  acetate  was  kept  in  bottles 
under  carbon  dioxide,  as  already  stated ;  and  before  each  series 
of  experiments  about  200  cc  of  each  were  brought  to  o°  C  in  stop- 
pered flasks  (clamped  in  the  thermostat)  from  which  the  air  had 
been  removed  by  a  current  of  carbon  dioxide.  The  thermostat 
was  also  provided  with  a  large  test-tube  (100  cc  capacity)  and  a 
500  cc  beaker  with  stirring  rod. 

Each  measurement  contained  in  the  following  tables  in- 
volved the  preparation  of  a  new  reacting  mixture,  as  follows : 
Into  the  test-tube  was  first  pipetted  air-free  water  in  quantity 
sufficient  (together  with  that  of  the  reagents  subsequently  added) 
to  make  up  the  total  volume  to  100  cc ;  measured  quantities  of 
sodium  acetate,  acetic  acid  and  potassium  iodide  solutions  were 
then  added.  The  potassium  iodate  was  measured  into  the 
beaker  and  the  stirrer  set  in  motion,  the  contents  of  the  test- 
tube  were  then  thrown  in,  and  at  the  same  instant  the  catch  of 
a  stop-watch  was  released  by  means  of  a  pedal.  Experiments 
with  colored  solutions  showed  that  a  homogeneous  mixture  was 
attained  in  from  one-fifth  to  one-half  second.  When  it  was  de- 
sired to  interrupt  the  reaction,  the  contents  of  the  beaker  were 
again  stirred  rapidly,  about  10  cc  of  ammonium  bicarbonate 
solution  thrown  in  from  a  test-tube  and  the  watch  stopped.  The 
iodine  liberated  was  then  determined  with  centinormal  sodium 
arsenite  and  iodine  solutions,  using  starch  as  an  indicator.1 
Duplicate  experiments  gave  results  agreeing  within  0.10  cc  of 
the  volumetric  arsenite  solution,  while  duplicate  analyses  of  the 
same  mixture  agreed  within  0.05  cc. 

All  pipettes  and  burettes  used  in  these  measurements  were 
freshly  calibrated,  the  pipettes  by  weighing  the  distilled  water 
discharged  at  40  C,  and  the  burettes  as  described  in  Ostwald's 

1  For  the  method  of  analysis  of  the  mixture  in  presence  of  excess  of 
iodine,  see  page  468. 
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"  Hand-  und  Hilfsbuch,"  page  103.     In  using  the  pipettes  45 
seconds  were  allowed  for  draining. 

Solutions  employed 

Water.  —  All  the  water  used  in  these  experiments  was  freed 
from  air,  and  kept  under  carbon  dioxide. 

Potassium  iodate. —  0.0091 8-F,x  and  0.00100-F  KIO  ,  pre- 
pared by  dissolving  weighed  quantities  of  the  salt,  and  standard- 
ized by  decomposing  a  measured  volume  with  excess  of  potas- 
sium iodide  &nd  hydrochloric  acid,  adding  excess  of  ammonium 
bicarbonate,  and  titrating  with  0.01049-;*  sodium  arsenite. 

Sodium  acetate.  — o.  10035-F,  C9H  OaNa,  prepared  by  dissolv- 
ing  13.6  grams  of  Merck's  crystallized  sodium  acetate  to  one 
liter ;  a  few  crystals  of  menthol  were  added  to  prevent  the 
growth  of  moulds.  To  standardize  it,  a  measured  volume  was 
evaporated  in  a  tared  crucible  at  ioo°  C,  the  crucible  and  salt 
were  then  heated  to  no°-i2o°  for  four  hours,  allowed  to  cool 
in  a  desiccator,  and.  the  anhydrous  sodium  acetate  weighed. 

Acetic  acid. —  1.147-F,  CaH  09,  prepared  by  diluting  Merck's 
"  pure  glacial  acetic  acid,  99.5  percent  acid  ",  and  titrating  against 
standard  potash. 

Hydriodic  acid. — 0.1128-F  and  0.001132-F  HI;  prepared 
by  diluting  a  stock  solution  made  from  water,  iodine,  and  red 
phosphorus  ;  titrated  against  the  standard  potash.  These  solu- 
tions contained  a  little  free  iodine,  which  was  determined  by 
sodium  arsenite  (20  cc  of  the  0.1128-F  HI  took  0.42  cc  of 
0.0105-/1  arsenite),  and  in  each  measurement  in  which  hydriodic 
acid  was  used,  the  small  correction  for  the  free  iodine  was  made 
at  the  time  of  the  analysis. 

Iodic  acid. — 0.00976-F  and  0.00100-F  HIO  .  Large,  col- 
orless crystals  of  iodic  acid,  free  from  sulphuric  acid  (prepared 
by  oxidizing  iodine  with  nitric  acid,  sp.  gr.  1.53)  were  dissolved, 
and  the  solutions  standardized  by  sodium  arsenite  (see  under 
Potassium  iodate). 

Iodine  and  potassium  iodide.  — Twenty-five  cc  was  equiva- 

1  Formula-weights  per  liter. 
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lent  to  21.77  cc  0.1049-;*  arsenite,  hence  0.04567-F  tri-iodion,  I3. 
After  boiling  off  the  free  iodine,  50  cc  with  silver  nitrate  gave 
1. 1387  g  Agl,  hence  0.0970F  KI.     Since  each  inol  of  iodine  (I9) 

reacts  with  one  of  potassium  iodide  (iodion,  I)  to  form  one  of 

potassium  tri-iodide  (tri-iodion,  I  )  the  formation   of   0.04567 

mol  I  per  liter  has  used  up  0.04567  mol  iodion,  leaving  0.0970  — 

0.04567  =0.05133  mol  iodien  (1)  per  liter. 

Iodine  and  hydriodic  acid.  —  The  0.1128-F  hydriodic  acid 
was  saturated  with  iodine,  and  the  "free  iodine"  (tri-iodion) 
determined  by  sodium  arsenite  and  found  to  be  0.041 5-F  I . 

Subtracting  0.0415  from  0.1128  there  remains  the  concentration 

+ 
of  the  iodion,  0.0713-F,  while  the  hydrion  is  0.1128-F  H. 

Volumetric  sodium  arsenite.  —  0.01049-normal ;  standardized 
with  dry,  freshly  sublimed  iodine.  The  volumetric  iodine  solu- 
tions were  compared  daily  with  the  arsenite ;  and  the  volumetric 
sodium  thiosulphate  was  standardized  against  the  iodine  solu- 
tions. 

The  half  saturated  ammonium  bicarbonate  solution  was  kept 
under  CO  .  A  distinct  blue  coloration  was  obtained  when  one 
drop  of  centinormal  iodine  was  added  to  a  mixture  of  100  cc 
water,  10  cc  ammonium  bicarbonate  solution,  2  cc  starch  solu- 
tion, and  a  few  drops  of  normal  potassium  iodide. 

RESULTS  OF  THE  EXPERIMENTS 
Explanation  of  the  Tables  (Series  I  and  II) 

At  the  head  of  each  table  is  given  the  initial  composition  of 
the  reacting  mixture.  The  numbers  following  each  formula  de- 
note the  number  of  gram-formula-weights  of  that  reagent  in  100 
cc  of  reacting  mixture.  Thus  10  ,  0.000025  5  I>  0.00177  ;  HAc, 
0.00585  ;  NaAc,  0.0015  (at  the  head  of  Table  1)  means  that  25 
ccof  0.0010-F  KIO  ,  20  cc  of  0.0885-F  KI,  5  cc  of  1.17-F  HAc, 
15  cc  of  F/10  NaAc  were  made  up  to  a  volume  of  100  cc. 
From  the  numbers  after  HAc  and  NaAc,  was  calculated  the 

quantity  of  hydrion,  H,  in  the  mixture,  assuming  the   dissocia- 
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tion  constant  of  acetic  acid  to  be  0.000018,1  and  the  sodium 
acetate  to  be  totally  dissociated  ;  thus  for  HAc  0.00585,  and 
NaAc  0.0015  (V  0.1  liter). 

AT(HAc)=HX  Ac 

+         + 
0.000018  X  0.1  X  0.00585  =  H  X  (H  +  0.0015), 

+ 
whence  H  —  0.000007 

Under  "/"   is  entered  the  time  in  minutes  during  which 

the  mixture  was  allowed  to  react,  and  under  "As"  the  number 

of  cc  of  the  volumetric  sodium  arsenite  equivalent  to  the  iodine 

liberated.     In  the  third  column  are  entered  the  values  k    or  k  . 

1  9 

To  obtain  x*  the  number  of  mols  of  10  reduced  for  each  cc  of 
As,  the  burette  readings  must  be  multiplied  by  0.00000175. 
(1  cc  As  =  0.00001049  equivalent;  1  mol  IO  gives  6  equiva- 
lents of  iodine.)  _ 

To  obtain  yy  the  number  of  mols  of  I  corresponding  to  1 
cc  of  As  in  the  titration,  the  burette  readings  must  be  multi- 
plied by  0.00001398.     (From  equation  (2) 

8  KI  yields  3  KIS  =  6  equivalents  of  iodine, 

or  for  each  mol  of  KI  destroyed,  3/8  mol  of  KI  is  formed, 
that  is,  3/4  equivalent  of  As  is  used  in  titration.  Hence,  1  cc 
As  —  4/3  /  1/1000  X  0.01049  =  0.00001398  mol  KI.) 

SERIES   I.      ACETIC    ACID    SOLUTIONS,    POTASSIUM   IODATE 

PRESENT  IN  SMALL  QUANTITY 

Effect  of  Iodation 

The  constancy  of  kz  in  each  of  the  tables  of  this  series 
shows  that  the  rate  is  proportional  to  the  concentration  of  the 
potassium  iodate  (iodation)  in  the  reacting  mixture.  This  con- 
clusion is  confirmed  by  the  fact  that  doubling  the  concentration 


1  From  the  data  and  formulas  of  Arrhenius'  paper  (Zeit.  phys.  Chem.  4, 
106)  it  appears  that  at  o°  C  the  dissociation  constant  of  acetic  acid  is  below 
0.000017.  The  hydrion  concentrations  given  at  the  heads  of  Tables  1-27  are 
therefore  all  somewhat  too  high.     See,  however,  page  474. 
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of  the  iodate  does  not  affect  fcl  (Tables  2  and  1).  The  slight 
falling  off  of  kx  in  Table  2  is  to  be  expected,  as  the  concentra- 
tion of  the  iodide  is  in  relatively  small  excess. 

Effect  of  Hydrion 

Prom  a  comparison  of  Tables  1  and  3,  and  1  and  4,  it  is  ap- 
parent that  the  rate  is  proportional  to  the  square  of  the  concen- 
tration of  the  hydrion.  In  the  first  pair,  the  concentration  of  the 
hydrion  was  changed  by  doubling  the  concentration  of  the 
acetic  acid,  and  in  the  second  pair  by  doubling  that  of  the  sodium 
acetate.  In  Table  5  the  concentration  of  both  acid  and  salt  is 
double  that  in  Table  1,  but  the  rate  remains  the  same,  thus 
affording  a  striking  confirmation  of  the  view  that  it  is  the  con- 
centration of  hydrion  that  is  effective. 

Effect  of  Iodion 

The  effect  of  the  concentration  of  iodion  is  not  quite  so 
simple.  From  Tables  1  and  6,  7  and  4,  it  is  seen  that  doubling 
the  concentration  of  the  potassium  iodide  (iodion)  multiplies  the 
rate  by  2I,8s  or  21*9.  From  Tables  9  and  10  we  see  that  varying 
the  concentration  of  iodion  from  0.00886  to  0.000886  mol  per 
liter,  does  not  cause  any  variation  in  the  exponent.  It  can, 
however,  be  seen  from  Table  10,  and  it  will  be  more  apparent 
from  Series  II,  that  the  lower  the  concentration  of  iodion,  the 
nearer  the  proportionality  is  between  the  rate  and  the  square  of 
its  concentration.  The  other  tables  of  this  series  show  that  the 
effects  of  the  acid,  acetate,  and  iodide  are  each  independent  of 
the  others  as  well  as  of  the  iodate. 

Table   i 
IOs,  0.000025  ;  I,  0.00177  \  HAc,  0.00585  ;  NaAc,  0.0015  ; 

H,  0.0000070 


/ 

As 

kx  Xio8 

2 

1-13 

179 

4 

2.24 

j                 18.5 

6 

3.15 

1                 18.0 

8 

4.15 

1                 18.6 

10 

4.87 

18.6 

Av.     18.3 
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Table  2 

IO„  0.000050;  I,  0.00177  ;  HAc,  0.00585  ;  NaAc,  0.0015  ; 

H,  0.000007 


\ 

/ 

As 

*iXio> 

2 

2.20 

17-4 

2 

2.26 

17.9 

4 

4.04 

16.8 

6 

6.09 

17.3 

8 

7.24 

15.8 

Av.     17.3 

Table  3 

IO„  0.000025  ;  I,  0.00177  ;  HAc,  0.0117 ;  NaAc,  0.0015  ; 

H,  0.000014 


/ 

As 

^iXio8 

I 

2.30 

76.2 

2 

4.17 

75.o 

2 

4.14 

74.4 

2.5 

4.78 

71.0 

4 

6.87 

71.2 

6 

8.76                 1 

68.7 

Av.     72.6 


Table  4 

IO„  0.000025  ;  I,  0.00177  ;  HAc,  0.00585  ;  NaAc,  0.0030  ; 

H,  0.0000035 


/ 

As 

*, 

Xio8 

2 

0.34 

5.3 

4 

O.62 

4.8 

6 

O.89 

4.7 

8.5 

1.22 

4.6 

10 

1-54 

49 

Av.     4.8 
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Table  5 

IO„  0.000025  ;  I,  0.00177  ;  HAc,  0.0117  ;  NaAc,  0.0030  ; 

H,  0.000007 


/ 

As 

*iX"» 

2 

1.22 

19.4 

4 

2.27 

18.8 

6 

3-21 

18.4 

8 

4.35 

19.7 

Av.     19.  r 


Table  6 

I0„  0.000025  ;  I,  0.00354  ;  HAc,  0.00585  ;  NaAc,  0.0015  ; 

H,  0.000007 


/ 

As 

*,  X  10s 

2 

3.86 

68.4 

3' 

5.16 

64.8 

4 

6.50 

65.9 

6 

8.18 

61.5 

8 

9.62 

60.7 

Av.     64.3 


Table  7 

IOs,  0.000025  ;  I,  0.00354  J  HAc,  0.00585  ;  NaAc,  0.0030  ; 

H,  0.0000035 

^Xio8 


/ 

As 

2 

1. 17 

4 

2.19 

6 

3.20 

8 

3-93 

IO 

4.78 

18.5 

18. 1 

18.3 
17.5 

17.6 


Av.     18.0 
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Table  8 

I0„  0.000025  ;  I,  0.00354  ;  HAc,  0.0117  ;  NaAc,  0.0015  ; 

H,  0.000014 


/ 

1 

i          As 

I 

1.5 

i-75 
2 

1         ^ 
6.03 

!          796 
1          8.89 

1          9.54 

*iXio> 


236.0 
235.8 

241.5 
239.0 

Av.     238.2 


Table  9 

I0„  0.000025  ;  I,  0.00885  ;  HAc,  0.00585  ;  NaAc,  0.0015  ; 

H,  0.000007 


/ 

As 

^iXio8 

I 

1.25 
1.50 

1.75 

8.64 

9.66 

10.46 

11.24 

403.2 

391.5 
381.2 

383.4 
Av.     389.8 

Table  10 

IO„  0.000025  ;  I,  0.000885  ;  HAc,  0.00585  ;  NaAc,  0.0015  J 

H,  0.000007 


1 

As 

*,  X  io8 

2 

0.32 

4-9 

4 

o-57 

4.4 

6 

0.96 

50 

8 

125 

5.o 

10 

M5 

4.6 

Av.     4.8 
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SERIES  U.    ACETIC  ACID  SOLUTIONS,  POTASSIUM  IODIDE 

PRESENT  IN  SHALL  QUANTITY 

Effect  of  Iodion 

The  constancy  of  k%  in  each  of  the  tables  of  this  series 
shows  that  the  effect  of  iodion  varies  as  the  square  of  its  concen- 
tration when  it  is  present  in  small  quantity  relatively  to  the 
iodate.  In  confirmation  cf  this  conclusion,  we  find  that  Table 
12,  in  which  the  concentration  of  the  iodide  (iodion)  is  doubled, 
gives  approximately  the  same  constant  as  Table  11. 

Effect  of  Iodation 

Table  13  shows  that  doubling  the  concentration  of  the 
potassium  iodate  (iodation)  multiplies  the  rate  by  2  ;  hence,  as 
in  Series  I,  the  rate  varies  with  the  first  power  of  the  concen- 
tration of  the  iodation. 

Effect  of  Hydrion 

Tables  11  and  14,  and  11  and  15,  show  that  halving  or 
doubling  the  concentration  of  the  hydrion  multiplies  the  rate 
by  %  or  4  respectively.  Tables  11  and  16  show  that  if  the  con- 
centration of  both  acid  and  acetate  be  doubled,  the  rate  remains 
unchanged.  Hence,  as  in  Series  I,  the  rate  is  proportional  to 
the  second  power  of  the  concentration  of  the  hydrion. 


Table  ii 

IO„  0.000225  ;  I,  0.00018  ;  HAc,  0.0117  ;  NaAc,  0.0015  \ 

H,  0.000014 


/ 

As 

K» 

4 

1.06 

125 

6 

1.46 

120 

8 

1.84 

116 

12 

2.69 

122 

15 

307 

Il6 

Av.     1 20 
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IO,,  0.000225  ;  I, 

Table  12 

0.00036  ;  HAc,  0  01 1 7  ;  NaAc,  0.0015  ; 
H,  0.000014 

/ 

As 

K 

1 

2 

3 
4 

1.04 
1.86 
2.72 

346 

119 
109 
no 

108 

Av     112 


Table  13 

IOs,  0.00045;  I,  0.00018;  HAc,  00117;  NaAc,  0.0015; 

H,  0.000014 


/ 

As 

** 

2 

0.99 

232 

3 

1.44 

233 

4 

1.92 

241 

6 

2.60 

234 

8 

3.14 

227 

Av.     235 


Table  14 

IOs,  0.000225  ;  I,  0.00018  ;  HAc,  0.0117  ;  NaAc,  0.0030  ; 

H,  0.000007 

As 


16 
24 


1. 10 
i-45 


33 
29 

Av.     31 
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Table  15 

IOs,  0.000225  ;  I,  0.00018  ;  HAc,  0.0234  ;  NaAc,  0.0015  » 

H,  0.000028 


/ 

As 

*, 

2 

3 
4 

1.64 

2.43 
3.05 

406 
452 
432 

Av.     442 

Table  16 

I03,  0.000225  ;  I,  0.00018  ;   HAc,  0.0234;    NaAc,  0.0030  ; 

H,  0.000007 

/ 

As 

A^n 

4 
6 

8 

12 

I.IO 

1-45 
1.73 

2.58 

I30 
I20 
IO8 
I  12 

Av.     117 

Representation  of  the  results  by  a  differential  equation 

The  results  of  the  measurements  of  Series  I  and  II  may 
thus  be  stated  in  the  following  words  : 

u  The  rate  of  the  reaction  between  iodation,  iodion,  and 
u  hydrion,  is  proportional  to  the  first  power  of  the  concentra- 
44  tion  of  the  iodation,  to  the  1.85th  to  second  power  of  that 
44  of  the  iodion,  and  to  the  second  power  of  the  concentration 
44  of  the  hydrion.n 

Or,  expressed  in  the  form  of  a  differential  equation, 

^-(^XVH")' <A> 

where y  =  8x,  and  V'\s,  the  volume  in  liters. 

From  the  definitions  of  kx  and  k^  on  page  19,  it  follows  that 

A'=  2.303  k,V%IT\HY (B) 

A--  k^l(/0,)(//)' (C) 
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*The  following  table  contains  the  value  of  A"  for  each  of  the 
foregoing  tables,  calculated  by  means  of  equations  (B)  and  (C). 
Its  constancy  is  a  measure  of  the  accuracy  of  equation  (A). 
Physically  interpreted,  K  represents  the  calculated  number  of 
mols  of  iodate  that  should  be  reduced  in  one  minute  when  r 
mol  of  potassium  iodide,  1  mol  iodate,  and  1  mol  hydrion  were 
present  in  a  volume  of  1  liter. 

Table  17 


No. 

IO,  X  io6 
25 

/Xio6 
177 

//Xio8 

2303  kx 
42 

*» 

KX  io-10 

I 

7.0 

2.47 

2 

50 

177 

7.0 

39 

— 

2.30 

3 

25 

177 

14.0 

167 

— 

2.46 

4 

25 

177 

3-5 

11 

— 

2.59 

5 

25 

177 

7.0 

44 

— 

2.59 

6 

25 

354 

7.0 

138 

— 

2.34 

7 

25 

354 

3-5 

41 

— 

259 

8 

25 

354 

14.0 

548 

— 

2.12 

9 

25 

885 

7.0 

896 

2.47 

10 

25 

89 

7.0 

11 

259 

11 

225 

18 

14.0 

— 

120 

2.73 

12 

225 

36 

14.0 

— 

1 12 

2.56 

13 

450 

18 

14.0 

— 

235 

2.70 

'4 

225 

18 

7.0 

— 

3i 

2.82 

*5 

225 

18 

28.0 

— 

442 

2.55 

16 

225 

18 

14.0 

— — 

117 

2.68 

Av.  2.54 

SERIES  III.     ACETIC  ACID  SOLUTIONS,  IODINE  (TRMODION) 

PRESENT  IN  EXCESS 

It  is  obvious,  that  owing  to  the  excess  of  iodine  put  into 
the  reacting  mixture,  it  was  not  possible  to  make  up  solutions 
in  which  the  quantity  of  potassium  iodide  was  relatively  small. 
Consequently  in  all  the  experiments  of  the  present  series  the 
potassium  iodate  was  selected  as  the  substance  to  be  present  in 
small  quantity. 

In  the  measurements  of  this  series  a  measured  volume  of 
decinormal  iodine  solution  was  mixed  with  the  potassium  iodate 
in  the  beaker  (see  u  Description  of  an  experiment,0  p.  456),  and 
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* 

water  was  added  to  bring  the  total  volume  up  to  100  cc.  Owing 
to  the  fact  that  the  iodine  liberated  during  the  reaction  was  very 
small  in  amount  compared  with  that  initially  present,  the 
progress  of  the  reaction  was  followed  by  estimating  the  residual 
potassium  iodate  instead  of  by  trying  to  determine  the  small  in- 
crease in  the  free  iodine.  The  method  has  been  worked  out  bv 
Mr.  Forster.1 

Method  of  Analysis 

The  reaction  was  stopped  by  throwing  in  the  ammonium 
bicarbonate,  as  before;  sodium  arsenite  solution  (o.io49-«)  was 
run  in  from  a  burette,  and  then  a  little  starch  solution  to  deter- 
mine the  end-point  Thrice  normal  hydrochloric  acid  was  next 
added  in  quantity  sufficient  to  neutralize  the  sodium  acetate, 
the  ammonium  bicarbonate,  and  the  volumetric  sodium  arsenite, 
and  to  leave  an  excess  of  2  cc  of  the  3-/*  hydrochloric  acid.  In 
solutions  of  this  degree  of  acidity  the  potassium  iodate  was  im- 
mediately reduced  with  liberation  of  an  equivalent  quantity  of 
iodine,  which  was  then  determined  by  0.01054-tf  sodium  thio- 
sulphate. 

Blank  experiments  showed  that  the  results  are  accurate 
within  0.10  cc  (two  drops  of  the  volumetric  sodium  thiosulphate 
solution),  but  it  is  necessary  to  complete  the  titration  within 
five  minutes  or  iodine  will  be  liberated  by  the  action  of  the  ar- 
senic acid  formed  from  the  volumetric  arsenite. 

Explanation  of  the  Tables 

The  symbols  IO  ,  HAc,  NaAc,  H,  I,  /,  k,a  have  the  mean- 
ings  assigned  on  page  458.  After  KI  is  given  the  number  of  inols 
of  potassium  iodide,  and  after  "  Iod "  the  number  of  cc  of  the 
iodine  solution  added  in  making  up  the  reacting  mixture.     In 

the  brackets  are  given  the  number  of  mols  iodion  (I)  and  tri- 

iodion  (I  )  contained  in  the  iodine  solution.     The  total  quantity 
of  iodion  present  in  the  reacting  mixture  is  thus  the  sum  of  the 

1  Jour.  Phys.  Chem.  7»  640. 

1  In  the  tables  of  this  series  k/  has  been  written  instead  of  £,,  to  distin- 
guish the  tables  of  this  series  from  those  of  Series  I. 
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numbers  after  KI  and  I.  Under  "Th  "  is  given  the  number  of 
cc  of  0.01054-;*  sodium  thiosulphate  solution  equivalent  to  the 
iodine  liberated  from  the  residual  potassium  iodate.  In  order  to 
obtain  IO  —  x,  used  in  calculating  kx\  these  burette  readings 
must  be  multiplied  by  0.000001744. 

Effect  of  Iodation 

From  the  constancy  of  kx  in  each  of  the  tables  of  this 
series  and  by  comparing  Tables  20  and  23  (in  the  latter  of  which 
the  concentration  of  the  potassium  iodate  was  double  that  in  the 
former)  it  is  apparent  that  the  rate  is  proportional  to  the  first 
power  of  the  concentration  of  the  iodation,  and  that  the  law  ac- 
cording to  which  the  iodation  affects  the  rate  is  not  modified  by 
the  presence  of  tri-iodion. 

Effect  of  Hydrion 

By  comparing  Tables  20,  22  and  25  it  is  evident  that  the 
rate  is  proportional  to  the  square  of  the  concentration  of  the 
hydrion.  Thus  the  law  according  to  which  the  hydrion  affects 
the  rate  is  not  modified  by  the  presence  9f  tri-iodion. 

Effect  of  Tri-iodion  and  of  Iodion 

The  effect  of  tri-iodion  might  have  been  determined  by 
comparing  the  experiments  of  this  series  with  others  in  which 
the  composition  of  the  reacting  mixture  was  the  same  except  as 
regards  the  tri-iodion.  Instead  of  undertaking  a  new  series  of 
measurements  for  this  purpose,  however,  I  have  utilized  those 
of  Series  I,  making  a  correction  for  the  small  difference  in  the 
concentration  of  the  iodion  by  assuming  that  kx  is  proportional 
to  the  1.9th  power  of  the  concentration  of  the  iodion  (see  page 
460).  In  Table  18  are  entered  the  compositions  of  the  solutions 
of  Tables  19  to  27,  and  the  values  of  kx ;  also  under  kx  the  con- 
stants from  the  corresponding  tables  of  Series  I,  corrected  as  de- 
scribed. The  difference  kx  —  kx%  which  expresses  the  effect  of 
tri-iodion  on  the  rate,  is  roughly  proportional  to  the  concentra- 
tion of  the  tri-iodion,  to  somewhat  more  than  the  second  power 
of  that  of  the  hydrion,  and  to  slightly  less  than  the  first  power 
of  the  iodion. 
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Table  18 


No. 

f&X  io« 

/Xio6 

HX  io6 

AXio6 

*i'Xio» 

19 

25 

2053 

7.0 

183.0 

38.6 

20 

25 

1911 

7.0       > 

91-5 

27.6 

21 

25 

1841 

7.0 

45.7 

23.6 

22 

25 

1911 

14.0 

9i.5 

121. 4 

23 

SO 

1911 

7.0 

91-5 

29.1 

24 

25 

3682 

7.0 

9i.5 

79.5 

25 

25 

1911 

3-5 

9i.5 

73 

26 

25 

361 1 

7.0 

45-7 

72.1 

27 

25 

3820 

7.0 

183.0 

97.2 

kx'  -  kx 

V  X  10s 

No. 

*iXio» 

Xio8 

Q 

calc. 

Diff. 

19 

24.3 

H.3 

7.8 

37-3 

—   3.4  % 

20 

20.8 

6.8 

7-9 

27.3 

—    I.I 

21 

19.8 

3.8 

9.0 

22.9 

—   1.7 

22 

82.8 

38.6 

(12.5) 

108.8 

— 10.0 

23 

19.7 

94 

(10.9) 

26.2 

— 10.0 

24 

69.3 

10.2 

6.2     - 

81.8 

+  4.0 

25 

5-5 

1.8 

7.8 

7-i 

—  3.0 

26 

66.7 

5.4 

6.7 

72.8 

+   1.0 

27 

74-3 

22.9 

6.7 

100.3 

+  3° 

The  quotient, 


Av.  7.4 


(/,)  x  {Hy  x  (/)   ' 

is  thus  approximately  constant,  the  average  value  being  7.4. 
Using  this  value,  I  calculate  kxf  for  each  of  the  Tables  19  to  27. 

A/  calc  =  kx  +  7.4  X  (/,)  X  (//)'X  (/)  X  10" (D) 

The  difference  between  the  calculated  and  observed  values  of  kt' 
expressed  as  percent  of  the  latter,  is  entered  under  "Diff." 
With  the  exception  of  Tables  22  and  23,  the  greatest  discrep- 
ancy is  4  percent,  well  within  the  experimental  errors.  In  the 
case  of  Tables  22  and  23  the  difference  amounts  to  10  percent ; 
kxr  for  Table  22  is,  however,  very  uncertain  (page  472),  and  if 
the  average  of  kt'  for  Tables  23  and  20  be  entered  instead  of  k/ 
for  each  of  them,  the  discrepancy  between  observed  and  calcu- 
lated values  of  £/  is  reduced  to  6  percent. 
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Representation  of  the  results  by  a  differential  equation 

dxjdt  =  *,'(IO,)/  V  X  2.303 (p.  469) 

*,'  =  *,+  7-4  X  io*  X  (I,)X(I)X(H)'X  i/f.(D,p.  470) 

k.  —  .,.  ■   (B,  p.  466) 

(E) 


2.303  X  V 
Let  R  —  7.4  X  10*  X  2.303 

Then  the  general  differential  equation  may  be  written 

dx  _       /IOj  —  x\  (I  —  y 
dt~K\~V~ 


)(l-/T'(7 


or  more  simply 

dx      (IOs).(I).(H)^  A-(ir'+*(I8)  \ 

dt  Vb 

where 

yr-2.54X  io10 

R=  1.70  X  io10 


(F) 


(G) 


(P.  467) 
....(E) 


Table  19 

IOs,  0.000025  ;  Iod,  40  cc  ;  (I3,  0.00183  »'  I>  0.002053); 

HAc,  0.0058  ;  NaAc,  0.0015  ;  H,  0.000007 


4 
6 


Th 


n.85 
10.04 

8.75 


V  x  10s 

41.3 
38.6 

36.0 

Av.     38.6 


Table  20 
I03,  0.000025  ;  I°d»  2°  cc  J  (Is.  0.000915  ;  I,  0.0010265); 
I,  0.000885  ;  HAc,  0.0058  ;  NaAc,  0.0015  J  H,  0.000007 


/ 

Th 

2 

12.60 

4 
6 

8 

11.24 
9.72 
8.60 

V  X  io8 


27.9 

26.4 

28.1 
27.7 


Av.     27.6 
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Table  21 

IO„  0.000025  ;  Iod,  10  cc;  (I„  0.000457;  I»  0.0005133); 
1, 0.001328  ;  HAc,  0.0058  ;  NaAc,  0.0015  ;  H,  0.000007 


/ 

Th 

*/Xio> 

2 

12.97 

21.7 

4 

11.66 

23.4 

6 

10.20 

24.6 

8 

9.05 

24.9 

Av.     23.6 


Table  22 

IO„  0.000025  ;  Iod,  20  cc  ;  (I„  0.000915  ;  I,  0.0010265); 
I,  0.000885  ;  HAc,  0.0117  ;  NaAc,  0.0015  ;  H,  0.000014 


/ 

Th 

VXio* 

I 

1.5 

2 

11.09 

9.35 
7.90 

in. 3 
123.6 

129.3 

Av.     121. 4 


Table  23 

I08,  0.000050  ;  Iod,  20  cc  ;  (I„  0.000915  ;  I,  0.0010265); 
I,  0.000885  ;  HAc,  0.0058  ;  NaAc,  0.0015  ;  H,  0.000007 


/ 

Th 

V  X  io8 

I 

2 

3 
4 

26.58 

24.51 

2394 
22.20 

31.3 
32.8 

(24.7) 
27.7 

Av.     29. 1 
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Table  24 
IO„  0.000025  ;  Iod,  20  cc  ;  (I„  0.000915  ;  I,  0.0010265); 
I,  0.002655  ;  HAc,  0.0058  ;  NaAc,  0.0015  ;  H,  0.000007 


/ 

Th 

*/  X  io> 

I 

1.5 

2 

3 

12.99 

10.70 

10.00 

8.17 

73.8 

(84.5) 
78.1 

81.5 

Av.     79.5 

Table  25 

IO„  0.000025  ;  Iod,  20  cc;  (I„  0.000915  ;  I,  0.0010265); 
I,  0.000885  ;  HAc,  0.0058 ;  NaAc,  0.0030 ;  H,  0.0000035 


/ 

Th 

*i'  X  io» 

8 
16 

12.56 
10.88 

7-1 

7-4 

Av.     7.3 

Table  26 

IOs,  0.000025  ;  Iod,  10  cc;  Is,  0.000457  ;  I,  0.0005133); 
I,  0.0030975  ;  HAc,  0.0058 ;  NaAc,  0.0015  ;  H,  0.000007 


• 

Th 
12.24 

VXio8 

I 

68.5 

2 

10.09 

76.2 

3 

8.62 

735 

4 

7-51 

70.2 

Av.     72.1 
Table  27 

IO„  0.000025  ;  Iod,  40  cc  ;  (Is,  0.00183  ;  I,  0.002053); 
I,  0.00177  ;  HAc,  0.0058  ;  NaAc,  0.0015 ;  H,  0.000007 


Th 


k  /X  io8 


9.16 


97.2 
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SERIES  IV.      SOLUTIONS  OF  HYDRIODIC  AND  IODIC  ACIDS 

Having  detennined  the  rates  in  solutions  in  which  the  com- 
ponents hydrion,  iodion,  and  iodation,  could  each  be  controlled 
separately,  it  remained  to  carry  out  a  few  measurements  with  the 
acids  themselves. 

The  results  of  these  experiments  are  given  in  Tables  28  to 
34,  where  the  symbols  used  have  the  significance  explained  on 
page  458.  The  concentrations  are  given  on  the  assumption  that 
hydriodic  and  iodic  acids  are  completely  dissociated  into  their 
ions.  In  order  to  keep  the  rate  within  measurable  limits  only 
small  quantities  of  each  reagent  could  be  used  ;  the  experimental 
errors  in  this  series  are  therefore  much  larger  than  in  the  pre- 
vious tables ;  but  nevertheless  the  constants  are  very  fair. 

Before  performing  the  experiments  with  the  pure  acids,  the 
measurements  of  Series  I  to  III  were  connected  with  those  of 
the  following  series,  by  several  determinations  in  solutions  con- 
taining (i)  acetic  acid,  sodium  acetate,  potassium  iodate,  hydri- 
odic acid,  and  (ii)  acetic  acid,  sodium  acetate,  potassium  iodide, 
iodic  acid,  respectively.  The  results  were  in  good  agreement 
with  the  requirements  of  equation  (A)  page  466,  and  demon- 
strated the  absence  of  catalyzers  in  the  hydriodic  and  iodic  acid 
solutions. 

In  Tables  28  to  31  the  hydriodic  acid  was  present  in  ex- 
cess; in  Tables  32  to  34  the  iodic  acid.  The  values  of  A' (page 
466)  for  all  these  experiments  are  collected  in  Table  35  ;  with  the 
exception  of  K  for  Table  33,  they  show  fair  agreement.  The 
laws  which  have  been  discovered  in  the  systematic  experiments 
of  the  previous  series  thus  hold  also  for  solutions  containing 
hydriodic  and  iodic  acids  only.  The  average  value  of  K  how- 
ever (0.84)  is  much  lower  than  that  found  with  acetic  acid  solu- 
tions (2.54). 

A  small  part  of  this  difference  may  be  ascribed  to  the  as- 
sumption of  total  dissociation  of  the  acids  made  in  the  calcula- 
tion. Experiments  in  which  sodium  chloride  was  added  to  the 
acid  solution  (Table  36),  without  effect  on  the  rate,  show  that 
the  difference  cannot  be  ascribed  to  acceleration  by  the   sodium 
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ions  introduced  with  the  sodium  acetate  in  the  previous  series. 
If  it  be  assumed  that  the  rate  is  strictly  proportional  to  the 
square  of  the  concentration  of  the  hydrogen-ion,  there  remains 
only  the  hypothesis  that  the  calculation  of  the  dissociation  of 
acetic  acid  is  faulty.  If  in  Table  17  H  be  set,  not  0.000007  but 
0.000012,  the  agreement  is  good;  this  corresponds  to  a  value 
0.00003  for  the  dissociation  constant  of  acetic  acid,  however, 
which  is  entirely  out  of  the  question  (see  page  459).  This  is  not 
the  first  time  that  the  calculation  of  dissociation  from  conduc- 
tivity measurements  has  given  unsatisfactory  results. 

Table  28 
I03,  0.000005  ;  I,  0.000564  ;  H,  0.000569  ;  Vol,  0.31  liter 


As 


*i  X  ioa 


2 

4 
5 
7 


0.74 
1.28 
1.44 
1.70 


65.0 
64.4 
61.0 
56.0 


Av.     61.6 
Table  29 
I03,  0.0000 10  ;  I,  0.000564  ;  H,  0.000574  ;  Vol,  0.31  liter 


2 

3 
4 


As 

151 
2.06 

233 


*,Xio> 


67-3 
65.5 
57-5 


Av.     63.4 
Table  30 
IQp  0.000005  ;  I,  0.001128  ;  H,  0.001133  ;  Vol,  0.31  liter 


0.25 

0.5 
1.0 


As 

1.66 
2.30 
2.58 


kx  X  io» 


(1568.7) 
1216.4 
1010.0 


Av.     1113.2 
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Table  31 
IO„  0.000005  ;  I,  0.000564 ;  H,  0.000569  ;  Vol,  0.39  liter 


4 
8 


As 

0.81 
1-37 


*,Xio> 

36.1 
33.o 


Av.     34.6 


Table  32 
IOs,  0.0000488  ;  I,  0.0000566  ;  H,  0.0001054  ;  Vol,  0.1  liter 


4 
8 


As 

o.45 
0.84 


*• 


540 

578 

Av.     559 


Table  33 
IO„  0.0000976  ;  I,  0.0000556  ;  H,  0.0001542  ;  Vol,  o.  1  liter 


/ 

As 

2 

1.02 

3 
4 

1-35 
1.60 

K 


2984 

2956 

.  2899 


<Av.  2946 


Table  34 
IO„  0.0000488  ;  I,  0.0001132  ;  H,  0.0001620;  Vol,  o.  1  liter 


/ 

As 

k2 

2 

1.60 

1100 

" 

3 

2.28 

II 14 

4 

2.56 

1064 

Av 


1093 
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Table  35 


No. 

V 

50 

/Xio* 

HXi* 

28 

0.31 

5640 

569.0 

29 

0.31 

10.0 

564.0 

5740 

30 

0.31 

5.0 

1 128.0 

"33-0 

31 

0-39 

5-o* 

564.0 

5690 

32 

0. 10 

48.8 

56.6 

105.4 

33 

0. 10 

97.6 

56.6 

1542 

34 

O.IO 

48.8 

113.2 

162.0 

No. 

kx  Xio* 

*, 

ATXio-10 
0.62 

28 

61.6 

_ _ 

29 

634 

— 

0.64 

30 

1113.2 

— 

O.82 

31 

346 

— 

O.70 

32 

— 

559-0 

1. 00 

33 

— 

2946.0 

125 

34        1 

— 

1093.0 

O.83 

Av.  0.84 

Table  36 
5  cc  F/10  NaCl ;  IOs,  0.000005  ;  I,  0.000564  ;  H,  0.000569  ; 

Vol,  0.31  liter 


2 

4 

5 


As 

*,  Xio* 

0.75 

1.22 

i-43 

66.0 
60.4 
60.2 

Av.     62.2 
Table  37 
10  cc  F/10  NaCl  ;  IOs,  0.000005  J  I»  0.000564  ;  H,  0.000569  ; 

Vol,  0.31  liter 


As 


kx  x  10s 


2 

4 

5 


0.70 
1. 21 

i-45 


61.0 
60.0 
61.4 

Av.     60.8 


/ 
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SERIES  V.     HYDRIODIC  AND  IODIC  ACIDS,  IODINE  (TRMODION) 

PRESENT  IN  EXCESS 

Tables  39  to  41  give  the  results  of  measurements  with  the 
solutions  of  hydriodic  and  iodic  acids  to  which  an  excess  of 
iodine  was  added  in  the  form  of  hydrogen  tri-iodide  (HI ).  As 
the  results  of  this  series  are  in  full  agreement  with  those  of 
Series  III,  I  shall  merely  add  the  following  table  (38)  to  show 
that  the  effect  of  tri-iodion  on  the  rate  between  the  pure  acids  is 
governed  by  the  same  laws  as  its  effect  when  in  presence  of  neu- 
tral salts  (sodium  acetate  and  potassium  salts  in  Series  III). 
The  meanings  of  the  symbols  are  the  same  as  in  the  tables  of 
Series  III.  In  order  to  facilitate  comparison  of  Series  V  with 
Series  IV,  I  have  recalculated  the  corresponding  values  of  kx  in 
the  former  series  for  the  same  concentration  of  iodion  as  in 
Tables  39  to  41  (assuming  that  the  rate  is  proportional  to  the 
square  of  the  concentration  of  the  iodion).  These  numbers  are 
entered  under  kt. 

Table  38 


No. 

IG"  X  10' 

/Xio« 

//Xio6 

/>Xio 

39 
40 

41 

_ 

10 
5 

356 
356 
712 

569 
574 

1 133 

1 

208 
208 
416 

1 

No. 

*,'  X  io" 

67.0 

59-5 
882.0 

*,Xio> 

25.0 

25-3 
443.o 

! 

1         42.O 

34-2 

439-0 

,          5 

1 

39 
40 

41  . 

!     '-7 

1.4 

1             1.2 

Av.   1.4 
The  constancy  of  the  quotient, 

(*,'-*,)  X  io-1! 

°"     (I,)X(H)*X(I) ^     } 

shows  that  the  rate,  in  the  presence  of  an  excess  of  iodine,  is 
proportional  to  the  square  of  the  concentration  of  the  hydrion, 
to  the  first  power  of  that  of  the  iodion  and  to  the  first  power  of 
that  of  the  tri-iodion. 
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The  results  of  Series  IV  and  V  may  thus  be  represented 
by  the  differential  equations  (F)  and  (G),  of  page  471,  which 
served  for  Series  I-III ;  the  numerical  values  of  K  and  R  how- 
ever, are  different. 

^  =  0.84  X  io10  (instead  of  2.54  X  io10,  page  471) 
R=i  0.32  X  io10  (instead  of  1.70  X  io10,  page  471). 

Table  39 
IOs,  0.00005;  I,  0.00005  ;  I,,  0.000208;  H,  0.000569;  Vol,  0.31 


/ 

" 

Th 

V  X  io8 

I 

2 
2.5 

5 
7 

• 

2.37 

2.15 
1.90 

i-33 
1.20 

81.7 
62.0 
71.0 
66.5 
54-0 

Av.     67.0 

Table  40 
IOs,  0.000010  ;  I,  0.000356  ;  I„  0.000208  ;  H,  0.000574  ;  Vol,  0.31 


/ 

Th 

V  X  10s 

2 

3 

4-35 
4.00 

59.5 
(52.0) 

Av.     59.5 


Table  41 

IOs,  0.000005;  I,  0.000712  ;  Is,  0.000416  ;  H,  0.001133  f  Vol,  0.31 


Th 


V  X  io3 


0.5 

o.75 
1.0 


113 
o.59 
o.34 


807 
914 

925 
Av.     882 


i 
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V.    TEMPERATURE  COEFFICIENT 

The  measurements  of  Table  i  (at  o°  C)  were  repeated  at 
a  temperature  of  37  °  C,  and  one  measurement  was  made  at 
1 40  C.     The  results  are  given  in  Table  42. 


Table  42 

IO„  0.000025;  I,  0.00177  ;  HAc,  0.00585  ;  NaAc,  0.0015  ; 

H,  0.000007 


Temp. 

/ 

As 

*iXi<* 

KX  10-10 

37°  C. 

(  ( 
it 

2 

4 
6 

2.68 

4-63 
6.18 

44.0 

43.o 
41.0 

— 

14°  C. 
o°C. 

4 

323 

Av.     42.6 
28.0 
18.3 

5.90 
3-90 

2.54 

The  rate  rises  almost  linearly  with  the  temperature,  a  rise 
from  zero  to  io°  C  multiplying  the  rate  by  about  1.4.  This  is 
one  of  the  lowest  temperature  coefficients  on  record.1 

VI.     EFFECT  OF  LIGHT  AND  OF  CATALYZERS 

Experiments  with  solutions  of  hydriodic  and  iodic  acids  in 
which,  by  means  of  a  concave  mirror,  direct  sunlight  was  con- 
centrated on  the  reacting  mixture  in  the  beaker,  gave  the  same 
results  as  those  carried  out  in  the  diffuse  light  of  the  laboratory. 

By  means  of  a  few  measurements  it  was  found  that  potas- 
sium bichromate  does  not  affect  the  rate  and  that  ferrous  sul- 
phate accelerates  only  moderately. 

VII.     MOLECULAR  INTERPRETATION  OF  THE  RESULTS 

The  form  of  the  differential  equation  found  above  suggests 
the  simultaneous  occurrence  of  two  reactions  in  solutions  con- 


1  See  DeLury.    Jour.  Phys.  Chem.  7,  251   (1903). 
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taining  iodide,  iodate,  acid  and  free  iodine,  corresponding  to  the 
chemical  equations 

(i)  2F+2H  +  IO,= 

or  2HI  +  I08  = 

(ii)  l  +  r,  +  2H  +  I08  = 

or  HI+HI3+IO,= 

in  which  the  indices  of  the  differential  equations  serve  as  coeffi- 
cients. 

The  right-hand  member  of  equation  (i)  may  be  filled  in 
conjecturally  thus, 

2HI  +  IO,  =  2HOI  +  IO, 

giving  HOI  and  its  ion  OI  as  the  oxidation  product  of  HI  and 

reduction  product  of  IO  respectively.  This  assumption  is  in 
accordance  with  Roebuck's  work  on  the  reaction  between 
arsenious  acid  and  hydrogen  iodide,1  and  with  the  current  views 
on  oxidation  in  organic  chemistry,  where  the  series  of  oxidation 
products  of  methyl  alcohol,  for  instance,  are  regarded  as  derived 
from  CH  by  successive  introduction  of  O  between  H  and  the 
electronegative  element. 

It  is  more  difficult  to  invent  a  right-hand  member  for  equa- 
tion (ii) ;  the  following,  however,  might  serve  if  it  be  supposed 
that  the  substance  IaOH  (invented  ad  hoc)  straightway  decom- 
poses into  Ia  and  IOH. 

HI  +  HI3  -t  IO,  ----  HOI  +  HOI2  +  IO. 

My  thanks  are  due  to  Prof.  W.  Lash  Miller,  at  whose  sug- 
gestion this  research  was  undertaken,  and  under  whose  super- 
vision it  has  been  carried  out. 

The  University  of  Toronto^ 
June,  1^04. 

lJour.  Phys.  Chem.  6,  365  (1902). 
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THE  ELECTROLYSIS  OF  ACID  SOLUTIONS  OF 

ANILINE 


BY   LACHLAN   GILCHRIST 

When  hydrochloric  acid  is  electrolyzed,  chlorine  is  set  free 
at  the  anode,  and  it  seemed  quite  feasible  to  dissolve  a  little 
aniline  in  the  acid  and  let  it  be  converted  into  chlor-aniline  by 
the  chlorine  set  free,  just  as  the  soda  in  the  electrolysis  of  salt 
solutions  is  converted  into  hypochlorite. 

Accordingly,  a  solution  of  10  g  of  aniline,  50  cc  of  hydro- 
chloric acid  s.  g.  1.2,  and  50  cc  water  was  made  up,  and  a  cur- 
rent of  30  amperes  was  passed  through  it,  using  pieces  of  plati- 
num foil  2x5  cm  as  electrodes.  It  was  not  thought  necessary 
to  keep  the  aniline  away  from  the  cathode,  as  the  chlor-aniline, 
once  formed,  is  not  easily  reduced. 

Formation  of  aniline  black 

In  a  few  minutes,  however,  a  greenish  smudge  appeared  at 
the  anode  and  soon  spread  through  the  liquid.  As  this  was  ob- 
viously due  to  the  formation  of  u aniline  black"  (one  of  the  oxi- 
dation products  of  aniline)  and  meant  an  impure  product  and  a 
bad  yield,  the  experiment  was  broken  off. 

It  is  well  known  that  in  the  electrolysis  of  hydrochloric 
acid  oxygen  is  often  given  off  together  with  the  chlorine,  the 
proportion  depending  on  the  concentration  of  the  acid  and  on 
the  current  density.  It  therefore  seemed  possible  that  by  re- 
ducing the  latter  and  increasing  the  former  the  chlorine  evolved 
might  be  more  nearly  pure,  and  the  formation  of  the  oxidation 
product  prevented. 

The  attempt  was  made  in  the  next  electrolysis,  in  which  J/2 
amp  was  passed  through  a  solution  of  5  g  of  freshly  distilled 
aniline  in  100  cc  of  hydrochloric  acid  of  s.  g.  1.2  ;  but  aniline 
black  was  formed  as  before.  Four  other  experiments  carried 
out  under  different  conditions  of  current  density  and  concentra- 
tion gave  the  same  result.     In   Experiment  6  a  little  mannite 
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was  added  to  the  solution  to  prevent  oxidation,  but  without 
effect 


No. 

HCls.g.  i. a 

Aniline 

Water 

c™,. 

Temp. 

t 

SOCC 

log 

50CC    ■ 

30  amp 

i8°-37° 

2 

IOO  cc    . 

5g 

— 

%  amp 

i8°-23° 

3 

IOO  cc 

5g 

— 

27  amp 

3O0^o° 

ioo  cc 

small  amt 

— 

yi  amp 

25° 

•      5 

IOO  cc 

small  amt 

— 

1%  amp 

24°-IO° 

(in  ice) 

6 

lOOCC 

lOgofHCl 
— aniline 

10  cc 

i}4  amp 

IO° 

(in  ice) 

Determination  of  decomposition-voltage 
The  formation  of  aniline  black  in  all  these  cases  raised  the 
question  whether  after  all  this  substance  might  not  be  the  pri- 
mary product  of  the  electrolysis ;  to  test  this  point  preparations 
were  made  to  determine  the  decomposition-voltage  of 
the  solution. 

The  apparatus  differed  but  slightly  from  that 
used  by  other  investigators  in  measuring  decomposi- 
tion-voltages. The  cathode  cell  is  represented  in  Fig. 
1,  hydrogen  was  led  in  by  A,  and  the  connection  with 
the  anode  compartment  was  effected  through  the  nar- 
row rubber  tube  B  (25  cm  long,  3  mm  internal  diam- 
eter.) 

The  first  experiments  were  made  with  normal 
hydrochloric  acid,  and  a  good  deal  of  trouble  was  ex- 
perienced in  obtaining  accordant  results.  After  a 
number  of  trials,  however,  it  was  found  that :- — 

(i)  Electrolytic  hydrogen  must  be  used  in  place 
Fig.  1      of  hydrogen  from  zinc  and  sulphuric  acid. 

(ii)  The  anode  should  be  cleaned  before  each  experiment 
by  treatment  with  hot  nitric  acid  and  water,  then  heated  to  red 
heat,  then  again  washed  with  hot  nitric  acid,  water,  and  alcohol, 
and  dried  in  the  air. 
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(iii)  Changing  the  length  of  the  anode  wire  from  2.5  mm  to 
1  mm  has  but  little  effect  on  the  results. 

(iv)  Platinizing  the  anode  wire  has  but  little  effect 

(v)  Coveting  it  with  a  glass  tube,  so  as  to  reduce  the  vol- 
utne  of  the  anode  compartment,  has  but  little  effect 

(vi)  Shaking  the  anode  has  only  a  temporary  effect ;  but 
the  solution  must  not  mix  with  the  cathode  solution. 

(vii)  The  measurements  should  be  taken  with  rising  E.  M.  F. 
If  taken  in  the  opposite  direction  the  cell  must  be  short-circuited 
between  measurements,  and  then  at  least  ten  minutes  must  be 
allowed  for  the  galvanometer  to  reach  a  steady  state. 


Fig.  a 
1  If  these  points  be  attended  to,  fairly  satisfactory  measure 

ments  can  be  made ;  and  the  galvanometer  comes  to  its  final 
position  within  two  to  ten  minutes  from  the  time  of  changing 
the  voltage. 

The  results  of  the  work  with  hydrochloric  acid  are  given  in 
Table  2  and  Curve  I  (Fig.  2).  The  curve  rises  suddenly  at  1.25 
volts;  this  is  the  well  known  "chlorine  kink;"  at  lower  voltages 
no  chlorine  is  liberated  from  the  solution.     The  result  with 
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normal  sulphuric  acid  is  given  in  Table  3  and  Curve  II  (page 
541).  The  curve  here  rises  suddenly  at  about  1.66  volts  as  is 
also  well  known. 

Tablk  2 
Normal  Hydrochloric  Acid 


Volts 

Amperes    ' 

i 

Volts 

Amperes 
Xio1 

1. 18 
1. 213 
1. 241 
I.265 
1.288 

-0.2    : 
+0.6    j 

1.2     ; 

2.8    : 
4.2    ! 

1.300* 

1-33 
1.35 
1.38 
i.4 

+6.3 

8.0 

10.5 

21.2 

41.5 

Table  3 
Normal  Sulphuric  Acid 


Amperes 

Amperes 

Amperes 

Volts 

Xio" 

Volts 

Xio' 

Volts 

X  107 

O.036 

425 

O.58 

—O.08 

I.208 

+O.127 

O.148 

366 

O.638 

O.04 

*-23 

0.151 

O.172 

308 

O.668 

O.03 

I.272 

O.191 

0.2I 

2.72 

o-743 

0.005 

I.307 

0.218 

O.25 

1.37 

0.84 

+O.028 

1.334 

O.28 

O.319 

0.87 

0.876 

O.043 

I.46 

0.41 

O.36 

0.69 

o.943 

O.058 

1  493 

O.98 

O.421 

0.61 

1.005 

.      O.07 

1.659 

1. 18 

O.484 

0.38 

1. 139 

O.093 

1.786 

6.12 

O.546 

0.27 

1. 176 

0.109 

1.875 

21.2 

Aniline  hydrochloride  was  then  dissolved  in  the  normal 
hydrochloric  acid  in  the  proportion  of  one-tenth  molecule  per 
liter,  and  the  measurements  repeated.  It  was  quite  impossible 
to  obtain  a  steady  reading  on  the  galvanometer,  as  the  current 
kept  falling  for  several  hours  after  the  voltage  was  applied  (see 
Table  4).  The  same  is  true  of  solutions  of  aniline  in  normal 
sulphuric  acid  (see  Table  5). 
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In  these  experiments  of  long  duration  the  formation  of  ani- 
line black  at  the  anode  could  be  observed  ;  that  this  was  not  due 
to  oxidation  by  the  air  is  shown  by  a  blank  experiment  in  which 
air  was  blown  through  the  same  solution  in  presence  of  a  piece 
of  platinum  for  48  hours  without  causing  the  slightest  turbidity 
or  coloration. 

Table  4 
Normal  Hydrochloric  Acid  and  Tenth-Normal  Aniline 


Volts 

Amperes  X  107 

Time 

2 

—O.042 

4  min. 

4 

— 0.018 

6     " 

4 

— 0.02 

4  hrs. 

6 

+0.002 

6  min. 

6 

— 0.009 

16  hrs. 

6 

— 0.008 

5     '« 

8 

+O.03 

6  min. 

8 

— 0.002 

3  hrs. 

Table  5 
Normal  Sulphuric  Acid  and  Tenth-Normal  Aniline 


Volte 


10 
10 

15 

19 

19 

19 
22 

22 

24 

24 

24 
27 


Amperes  X  107 


—O.34 
0.63 
0.12 
0.62 
0.38 
0.015 
2.72 

6.18 
367 

3-3 
10.0 


Time 


4  min. 

19  hrs. 

4  " 

10  min. 

34  " 

20  hrs. 
50  min. 

2  days 
4  min. 
1%  hrs. 
lA  hr. 
7  min. 


Dark  greenish  smudge  commenced  to  form 


27 
27 
27 
27 


11.3 
13.2 

19.2 

22.3 


1%  min. 
8 
1  hr. 


< 1 


'* 
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The  cell  was  again  filled  with  the  aniline  acid  solution, 
hydrogen  passed  in  at  the  large  electrodes  as  before,  the  primary 
circuit  broken  at  Y,  and  the  current  and  E.  M..F.  determined. 
Both  rose  steadily  until  the  current  reached  1.4  X  io""7  amp  and 
the  E.  M.  P.  V  =  0.012  volt,  after  which  the  voltage  fell,  the 
current  increased,  and  aniline  black  appeared  in  the  anode  solu- 
tion. 

From  these  experiments  it  is  clear  that  a  definite  current 
for  each  voltage  is  not  to  be  expected  ;  the  figures  given  in 
Table  6  and  plotted  in  Curve  III  were  therefore  arbitrarily  taken 
four  minutes  after  adjusting  the  E.  M.  F.  The  sudden  rise  in 
the  curve  occurs  at  0.95  volt,  0.30  volt  below  the  chlorine  kink. 
This  shows  that  the  aniline  acts  as  a  "  depolarizer  "  in  hydro- 
chloric acid  solution,  but  whether  owing  to  the  formation  of  a 
chlor-aniline,  or  of  aniline  black,  does  not  appear. 

Tablb  6 
Normal  Hydrochloric  Acid  and  Tenth- Normal  Aniline 


• 

Amperes 

Amperes 

Amperes 

Volts 

Xid1 

Volts 

X107 

Volts 

0.739 

X107 

O.029 

—1.7 

O.432 

— O.OI 

+O.OI 

O.099 

1-33 

O.472 

0.002 

0.784 

O.OI 

O.19 

0.54 

O.485 

0.000 

0.84 

0.014 

O.264 

O.21 

0.535 

+0.004 

0.91 

0.055 

O.328 

O.08 

O.569 

0.006 

0.936 

0.2 

O.368 

O.05 

O.609 

0.006 

0.971 

i-37 

O.403     l 

O.02 

O.664 

0.007  1 

0.988 

43 

Decomposition  voltages  in  sulphuric  acid  solutions 

A  set  of  measurements  was  then  made  under  the  same  con- 
ditions as  those  of  Table  4,  but  using  normal  sulphuric  acid  and 
one-tenth  mol  of  aniline  sulphate  per  liter,  instead  of  the  hydro- 
chloric acid  and  the  chloride.  The  results  are  contained  in 
Table  7  and  Curve  IV. 

Curve  IV  has  its  kink  at  the  same  voltage  (0.95  volt)  as 
Curve  III  for  the  experiments  in  which  hydrochloric  acid  was 
used.  The  simplest  explanation  is  that  in  both  cases  the  same 
product  is  formed  ;  in  absence  of  hydrochloric  acid  this  can  not 
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be  chlor-aniline ;  it  must  therefore  be  an  oxidation  product,  pre- 
sumably the  aniline  black. 

With  this  difference  of  0.30  volt  in  favor  of  the  oxidation, 
it  seems  very  unlikely  that  any  chlorine  could  be  liberated  in 
hydrochloric  acid  to  which  aniline  had  been  added.  By  increas- 
ing the  current  density  at  the  anode  sufficiently,  however,  it 
might  be  possible  to  oxidize  the  aniline  at  that  electrode  more 
quickly  than  it  could  be  replaced  by  convection  or  diffusion ;  so 
that,  for  part  of  the  time,  the  solution  would  consist  of  pure 
hydrochloric  acid,  and  chlorine  would  be  liberated.  At  best  the 
yield  of  chlor-anilines  would  be  low,  and  the  product  impure. 

Table  7 
Normal  Sulphuric  Acid  and  Tenth-Normal  Aniline 


Volte 
0.029 

o.  Ill 

0.21 

0.273 

0.341 

o.374 
0.406 

0.438 

0.479 

0.506 

o-538 

o.577 
0.604 


Amperes  X  *o7 


-2.7 
1.48 
1.06 

0.75 

0.5 

0.347 
0.25 

0.19 

0.132 

0.125 

0.072 

0.039 

0.023 


Volts 

Amperes  X  101 

0.667 

—0.015 

O.71 1 

0.002 

0.742 

+0.002 

O.778 

O.008 

O.814 

O.OI2 

0.847 

O.02 

O.872 

0.042 

O.909 

0.145 

O.941 

0.8 

0.956 

2.5 

0.969 

7.45 

0.948 

15.5 

Aniline  black  commenced  to  form 
before  last  reading  was  made 


These  conclusions  are  in  agreement  with  the  results  of  an 
experiment  in  which  100  grams  of  aniline  were  dissolved  in  450 
cc  of  hydrochloric  acid  of  s.  g.  1.2,  and  electrolyzed  with  a  cur- 
rent of  7.5  amperes  for  7^  hours.  The  anode  was  a  piece  of  arc 
light  carbon  11  cm  long;  the  cathode  platinum  2x5  cm.  No 
chlorine  was  noticed  in  the  gases  given  off.  The  vessel  contain- 
ing the  electrolyte  was  surrounded  by  an  ice-bath,  but  the  tem- 
perature rose  to  380  C. 

After   the  electrolysis   the   dark    liquid    was   filtered    and 
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evaporated.  On  cooling,  50  grams  of  crystals  were  deposited, 
and  three  days  later  another  crop  of  fourteen  grams  was  ob- 
tained. These  crystals,  and  the  final  mother-fiquor  were  exam- 
ined for  chlor-aniline  by  adding  caustic  soda  in  excess,  extract- 
ing with  ether,  removing  the  ether  on  a  water-bath,  and  frac- 
tionating the  residual  oil.  The  boiling-point  rose  rapidly  to 
1790,  and  all  but  4  or  5  cc  passed  over  at  I79°-i8i°,  the  boil- 
ing-point of  aniline.  The  residue  contained  a  little  chlorine ; 
thus  while  chlor-anilines  are  formed,  they  amount  to.  but  a  few 
percent  of  the  weight  of  the  aniline  employed. 

Aniline  and  hydrobromic  acid 

As  the  oxidation  potential  of  aniline  (0.95  volt)  lies  above 
the  decomposition  voltage  of  hydrobromic  acid  (0.75  volt  in  \-n 
HBr),  it  follows  that  on  electrolysis  of  a  solution  of  aniline  in 
hydrobromic  acid  bromine  will  be  liberated,  and  aniline  black 
will  not  be  formed.  This  conclusion  is  confirmed  by  the  follow- 
ing experiment. 

25  g  of  potassium  bromide,  12.5  cc  of  pure  sulphuric  acid, 
and  0.9  g  of  aniline  were  dissolved  in  water,  the  total  volume 
of  the  solution  being  65  cc  ;  a  precipitate  of  potassium  sulphate 
was  removed  by  decantation. 

Table  8 
^-Sulphuric  Acid,  n\\o  w-Nitraniline 


Volts 

Amperes  X  J°7 

Volts 

Amperes  X  107 

O.20 

— 1.20 

1.56 

+3-3 

0.2I 

0.27 

1-59 

4.0 

0.27 

O.17 

I.62 

6.8 

0.31 

O.II 

1.65 

9.0 

0.41 

0.02 

1.69 

12.0 

o-75 

+0.08 

i-73 

15.32 

0.96 

0.22 

1.75 

18.1 

1.27 

0.30 

1.76 

20.4 

1.47 

0.78 

i-79 

26.0 

i-53 

1.82 

1. 81 

29.0 

A  current  of  0.25  ampere  was  passed  through  this  solution 
between  platinum  electrodes  (anode  2x5  cm,  cathode  2x1  cm) 
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for  ten  minutes.  No  aniline  black  was  formed,  but  the  anode 
became  covered  with  a  deposit  of  white  matted  crystals,  stained 
with  bromine.  These  crystals  were  removed,  washed,  and  dried 
and  their  melting-point  found  to  be  1160  ;  Mribrom-aniline  melts 
at  1 1 8°. 

w-Nitraniline 

From  chemical  considerations  it  seemed  probable  that 
11  i  mini  line  would  be  less  easily  oxidized  than  aniline  itself.  To 
test  this  view,  a  series  of  experiments  analogous  to  those  of 
Curve  IV  were  undertaken,  in  which  w-ni  Irani  line,  instead  of 
aniline  was  dissolved  in  the  sulphuric  acid. 

The  results  are  plotted  in  Curve  V.  The  oxidation  poten- 
tial of  m-ni  tramline  lies  at  1.43  volts,  0.2  above  the  chlorine 
kink. 

Summary 

The  conditions  under  which  decomposition- voltages  can  be 
determined  in  acid  solutions  of  aniline  are  specified  {page  541). 

The  formation  of  aniline  black  from  k/io  aniline  in  solu- 
tions of  «-hydroch!oric  acid  or  n-sulphuric  acid  takes  place  at 
0.95  volt  (small  anode,  hydrogen  cathode). 

Therefore  only  traces  of  chlor-aniline  are  formed  on  electrol- 
ysis of  aniline  in  hydrochloric  acid  solution  ;  but  brom-anilines 
are  formed  by  the  electrolysis  of  solutions  containing  hydro- 
bromic  acid  and  aniline.  The  aniline  solutions  thus  resemble 
those  of  phenol." 

The  oxidation  potential  of  w-nitraniline  in  sulphuric  acid 
solution  (1.43  volts),  is  much  higher  than  that  of  aniline. 

My  thanks  are  due  to  Prof.  W.   Lash  Miller,  at  whose  sug- 
gestion these  measurements  were  carried  out. 
University  of  Toronto, 
June,  1004 
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SOME  COMPOUNDS  OF  CHROMIC  CHLORIDE  WITH  SUB- 
STITUTED AMMONIAS. 

By  W.  R.  I«ang  and  C.  M.  Carson. 

Received  April  it,  1904. 

It  has  already  been  shown  that  dry  liquid  ammonia  forms 
with  violet  chromic  chloride  a  pink  powder  which,  when  ex- 
tracted with  water,  gives  crystalline  compounds  containing  12, 
10  and  8  molecules  of  ammonia  respectively.1  In  addition  to 
this,  compounds  with  methylamine  were  also  obtained  and  de- 
scribed in  a  previous  paper.2  The  authors  have  made  a  series 
of  experiments  with  other  substituted  ammonias,  the  results  of 
which  are  as  follows : 

(1)  Ethylamine,  C2H5NH2,  acts  on  the  chloride  with  great 
energy  at  temperatures  between  o°  and  180,  producing  a  dark 
red  powder.  On  extracting  this  compound  with  water  and  evap- 
orating carefully,  red  crystals  are  obtained  which,  on  analysis, 
give: 

Per  cent. 

Chromium *2.97 

Chlorine 26.38 

Ethylamine 55.90 

Water 4.75 

corresponding  thus  to  the  formula  Cr2Cl6.ioC2H5.NH22H20. 

When  the  red  powder  is  heated  to  6o°  and  again  extracted  with 
water,  the  solution  yields  crystals  composed  of 

Per  cent. 

Chromium 14-53 

Chlorine 29«85 

Ethylamine 50.40 

Water * . .     5.22 

indicating  the  existence  of  the  compound  Cr2Cl6.8C2H6.NH22H20. 

(2)  Dimethylamine  and  Diethylamine  do  not  react  with  chromic 
chloride  at  any  temperature  between  zero  and  their  boiling-points. 
If  moisture  be  present,  however,  chromic  hydroxide  forms  on 
standing  for  a  few  hours. 

(3)  Trhnethylamine  and  Triethylamine,  like  the  secondary 
amines,  have  no  effect  on  chromic  chloride. 

1  I«ang  and  Carson  :  This  Journal,  April,  1904,  pp.  414-417. 
*  I«ang  and  Jolliffe :  Ibid ,  p.  417. 


(4)  Ethylene  Diamine  reacts  violently  with  the  chloride  at 
temperatures  between  zero  and  i8°  with  the  evolution  of  a  large 
amount  of  heat  and  the  production  of  a  dark  red  powder.  This, 
when  dissolved  in  water  and  evaporated  in  the  air,  yields  dark 
red  crystals  having  the  composition : 

Per  cent. 

Chromium 1 2.43 

Chlorine 12.40 

Ethylene  diamine 57-5° 

Water 4.67 

The    formula   of   this   substance   is   thus    Cr2Cltt.8C2H4(NH:,)2. 
2H20. 

(5)  Aniline,  Mcthylaniline,  and  Dimethylaniline  do  not  have 
any  action  whatever  on  chromic  chloride  either  at  zero  or  at  the 
boiling-points  of  the  liquids,  even  when  maintained  in  contact 
for  a  considerable  time. 

Chemical  Laboratory. 
University  op  Toronto. 
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THE  DETERHINATION  OF  PHENOL. 

By  S.  J.  Lloyd. 
Received  October  27,  1904. 

Numerous  attempts  have  been  made  to  devise  a  satisfactory 
method  for  the  quantitative  estimation  of  phenol. 

Beckurts1  mixed  the  phenol  with  its  own  volume  of  petroleum 
spirit,  shook  with  a  strong  solution  of  caustic  soda  in  a  graduated 
tube,  and  noted  the  change  in  volume;  Bader2  titrated  against  a 
decinormal  solution  of  sodium  hydroxide  with  symmetrical  tri- 
nitrobenzene  as  indicator;8  Messinger  and  Vortmann4  precipitated 
the  triiodo  derivative  with  an  alkaline  solution  of  iodine;  Carre5 
treated  the  phenol  with  nitric  acid  and  determined  the  resulting 
picric  acid  colorimetrically ;  Schaedler6  used  sulphuric  acid,  and 
determined  the  phenolsulphonic  acid  indirectly  with  barium ;  Rieg- 
ler7  weighed  the  precipitate  with  />-diazonitraniline ;  Toscher*  oxi- 
dized with  volumetric  permanganate  in  boiling  alkaline  solution ; 
while  the  reaction  with  sodamide  has  been  applied  by  Schryver0 
to  the  determination  of  the  "hydroxyl  value"  of  phenol. 

Of  these  methods,  the  first  evidently  makes  no  pretense  to  accu- 
racy, and  indeed,  like  the  sulphonic  acid  process,  is  intended  for 
use  with  crude  phenol  only.  Titration  with  soda  is  not  possible 
with  solutions  containing  less  than  2  per  cent,  of  phenol,10  and  in 
any  case  the  end-point  is  not  sharp.  Precipitation  with  iodine  re- 
quires careful  manipulation  and  exact  regulation  of  the  tempera- 
ture in  order  to  obtain  accurate  results  ;J1  the  colorimetric  method 
is  unsuited  to  the  determination  of  phenol  in  other  than  very  small 
quantities,  the  reaction  with  the  diazo  compound  leads  to  a  tedious 
gravimetric  process,  and  the  sodamide  method  requires  special 
apparatus,  and  can  be  used  only  with  perfectly  dry  phenol. 

The  reaction  of  phenol,  however,  which  is  best  suited  for  the 

1  J.  Soc.  Chem.  Ind..  5,  546  (1886)  (from  Arch.  Pharm..  34,  567  (1886)). 

*  Ztschr.  anal.  Chem.,  31,  5S  (1892). 

*  For  the  behavior  of  phenol  with  other  indicators,  see  Imbert  and  Astruc  :  Comfit, 
Rend.,  130,  35  (1900). 

*  Pharm.  Ztg.,  ao,  759. 

6  Compt.  Rend.,  113,  139  (1891). 

*  Centrbl.,  1872,  p.  506  (from  Pharm.  Centrbl.,  13,  225). 

7  Centrbl.,  1899,  II,  p.  322  (from  Ruletinul  dtu  Bticuresci). 

8  Meyer's  Jahrbuch,  d.  Chemie,  1901,  p.  253  (from  Pharm.  J.,  1901,  No.  1602). 

9  J.  Soc.  Chem.  Ind.,  18,  553  (1899). 

10  Frerichs:  Centrbl.,  1896,  II,  p.  2141  (from  Apoth.  Zig.,  11,  415). 

11  Frerichs  :  Ijk.  cit. 
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purposes  of  quantitative  determination,  is  that  with  bromine, 
C6H5OH  +  3Br2  =  C6H2Br3OH  +  3HBr. 

Landolt,1  who  was  the  first  to  suggest  its  use,  precipitated  the 
tribromphenol  with  bromine  water,  dried  in  a  desiccator  and 
weighed ;  Chabrie2  extracted  with  ether  and  dried  in  a  special  ap- 
paratus. Koppeschaar8  shortened  the  process  by  using  a  measured 
quantity  of  bromine  water,  and  titrating  back  the  excess  with  po- 
tassium iodide  and  sodium  thiosulphate ;  he  also  found  it  advisable 
to  replace  the  unstable  and  disagreeable  bromine  water  by  a  mix- 
ture of  potassium  bromide  and  bromate,  from  which  the  bromine 
was  liberated  at  the  proper  time  by  acid.  Degener,4  who  was  ap- 
parently unacquainted  with  Koppeschaar's  work,  also  used  bro- 
mine water,  but  determined  the  end-point  by  the  disappearance  of 
the  yellow  color  of  the  solution,  or  by  potassium-iodide-starch 
paper.  Chandelon6  found  the  time  required  for  an  analysis  by 
the  Koppeschaar  method  too  long,  and  in  order  to  shorten  it  and 
avoid  loss  of  bromine  as  vapor  and  as  a  mechanical  enclosure  in 
the  precipitate,  he  substituted  for  the  bromide-bromate  mixture  a 
hypobromite  solution  which  contained  sufficient  alkali  to  hold  the 
tribromphenol  in  solution.  The  disappearance  of  the  yellow  color 
of  the  solution,  or  the  failure  to  discolor  potassium-iodide-starch 
paper,  marked  the  end  of  the  reaction.  Telle6  used  volumetric 
sodium  hypochlorite,  which  he  added  to  the  solution  of  phenol 
containing  excess  of  potassium  bromicte?«*aj«i  -determined  the  end- 
point  by  the  color  of  the  solution.  Waller's7  method  differed  from 
that  of  Degener  only  in  the  addition  of  a  saturated  solution  of 
alum  to  make  the  precipitate  more  dense.  Seubert8  followed 
Koppeschaar  in  liberating  the  bromine  from  a  bromide- 
bromate  mixture,  and  added  the  phenol  solution  from  a  burette 
until  the  filtrate  gave  no  further  color  with  potassium-iodide-starch 
paper,  while  Beckurts*  used  an  excess  of  the  bromide-bromate 
mixture,  and  titrated  back  with  iodide  and  thiosulphate.  The  last- 
named  chemist  recognized  the  presence  of  tribromphenolbromide 

1  Ber.  d.  chem.  Ges.,  4,  770  (1871). 

•  Centrbl.,  1898,  1,  1309  (from  Rev.  Chim.  Anal.  Appl.,  6,  138  (1898)). 

•  Ztschr.  anal.  Chem.,  13,  233  (1876). 
*J.prakt.  Chem.,  N.  F.,  17,  390  (1878). 

•  Bull.  Sac.  Chim.,  38,  69  (188a). 

•  Chem.  News.,  83,  51  (1901). 
'  Ibid.,  43, 152  (1881). 

•  Ber.  d.  chem.  Ges.,  14,  1581  (1881),  (from  Arch.  Pharm.,  15,  321). 

•/.  See.  Chem.  Ind.,  5,  546  (1886)  (from  Arch.  Pharm..  34,  561  (1886)). 
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in  the  precipitate,  but  assumed  that  it  was  quantitatively  converted 
into  tribromphenol  by  potassium  iodide. 
The  following  table  may  serve  as  a  synopsis : 

Gravimetric: 

(i)  Landolt,  Chabrie*. 
Volumetric: 

(2)  Bromine  and  phenol  in  acid  solution. 

(a)  End-point  determined  by  color,  or  by  potassium-iodide- 

starch  paper. 
Degener — Bromine  water. 

Telle      — Hypochlorite  and  potassium  bromide. 
Waller  — Bromine  water  and  alum. 
Seubert  — Bromide-bromate  mixture. 

(b)  Excess  bromine  determined  by  potassium  iodide. 

Koppeschaar — Bromine  water  or  bromide-bromate  mix- 
ture. 
Beckurts — Bromide-bromate  mixture. 

(3)  Bromine  and  phenol  in  alkaline  solution. 

Chandelon. 

Various  modifications  for  use  in  the  estimation  of  phenol  in 
tar-oil,  urine,  soaps,  etc.,  have  been  suggested  by  Toth,1  Kleinert1 
Fedeli,8  Giacosa,4  Endemann,  Neuberg,8  Kossler  and  Penny,6 
Partheil,7  Ditz  and  Cedivoda,8  Stockmeier  and  Thurnauer0  (who 
used  chloroform  in  the  titration),  and  others. 

Some  idea  of  the  accuracy  of  the  results  obtainable  by  these  differ- 
ent methods  of  procedure  may  be  gleaned  from  the  test  analyses 
published  by  therr  atfA/tfTST^  Landolt's  numbers  show  variations 
of  0.5  per  cent,  or  more,  Koppeschaar's  (bromine  water)  2.5  per 
cent,  (bromide-bromate)  0.5  per  cent.,  Degener's  3  per  cent, 
Chandelon  2  per  cent.,  Seubert's  1.5  to  3  per  cent.  No  test  analyses 
have  been  published  by  Waller  or  Telle.  According  to  Frerichs,10 
Beckurt's  modification  is  the  best,  but  as  his  paper,  in  its  original 
form,  is  not  accessible  to  me,  I  am  unable  to  quote  the  results 
of  this  author's  analyses. 

These  discrepancies  are  due,  in  part  at  least,  to  the  formation 

1  Ztschr.  anal.  Chem.,  35,  160  (1886). 

*  Ibid.,  33,  1  (1884). 

*  Ber.d.  chem.  Ges.,  2)8,  1060  R  (1895),  (from  Moleschott's  Untersuchung.,  15,  583). 

*  Ztschr.  physiol.  Chem.,  6,  43  (1878). 

*  Ibid.,  J7,  123  (1899). 

*  /bid.,  17,  117  (1889). 

7  Meyer's  Jahrbuch  d.  Chemie,  1896,  p.  237  (from  Apoth.  Ztg.,  1896). 

*  Ztschr.  angew.  Chem.,  1899,  pp.  873  and  897. 

*  Motar:  Titrirmethode,  7th  ed.,  p.  386  (1896)  from  Chem.  Ztg.,  1893,  pp.  11^  and  1;:. 
w  Centrbl.,  1896  (II),  2141. 
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of  tribromphenolbromide,  which,  as  I  have  shown  in  a  previous 
paper,1  is  produced  by  the  action  of  bromine  water  on  the  pre- 
cipitated tribromphenol,  and  once  formed  is  not  quantitatively  re- 
converted into  tribromphenol  by  potassium  iodide. 

The  present  paper,  after  dealing  with  the  loss  of  bromine  by 
evaporation  during  the  analysis,  the  use  of  volumetric  solutions 
containing  bromates,  and  the  formation  of  a  new  product  of  the 
action  of  bromine  on  phenol,  contains  the  results  of  a  number  of 
test-analyses  in  which  the  precautions  suggested  by  the  previous 
experiments  were  adopted,  and  closes  with  an  enumeration  of  the 
conditions  under  which  phenol  may  be  accurately  determined. 

SOLUTIONS  EMPLOYED. 

Phenol. — Merck's  "absolute  phenol*'  was  distilled  three  times, 
the  first  and  last  fractions  being  rejected  in  each  case,  and  the 
portions  boiling  between  1820  and  183°  collected.  In  the  last  frac- 
tionation the  distillate  was  received  in  a  tared  and  stoppered  weigh- 
ing-glass, cooled,  weighed  (20.5340  grams)  and  dissolved  to  1 
liter.  The  solution  used  in  the  following  analyses  was  made  by 
diluting  100  cc.  of  this  solution  to  1  liter. 

Hypobromite. — About  9  cc.  of  bromine  were  dissolved  in  2  liters 
of  N/4  caustic  potash,  and  the  solution  was  standardized  by  adding 
potassium  iodide  and  hydrochloric  acid,  and  determining  the  iodine 
with  decinormal  thiosulphate. 

One  hundred  cc.  of  the  phenol  solution  were  equivalent  to  71.95 
cc.  of  the  hypobromite. 

Sodium  Thiosulphate. — One  liter  of  an  approximately  N/10 
solution  was  prepared  and  standardized  with  iodine  which  had 
been  ground  with  potassium  iodide,  sublimed  from  the  mixture, 
and  dried  for  three  days  in  a  vacuum  desiccator  over  sulphuric 
acid.  The  value  was  found  to  be  0.1045  N.  This  solution  was 
used  to  fix  the  titre  of  the  alkaline  solution  of  bromine  as  stated 
above,  and  in  turn  was  repeatedly  standardized  against  the  latter 
solution ;  it  showed  a  slight  falling  off  in  normality  from  0.1045  to 
0.1042  in  two  weeks. 

For  use  in  the  phenol  determination  the  decinormal  thiosulphate 
was  diluted  to  five  times  its  volume  and  the  ratio  controlled  by 
comparison  with  an  iodine  solution. 

Iodine,  approximately  N/50  for  use  in  "titrating  back." 

1  This  Journal,  97,  7  (1905). 
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Acid,  hydrochloric,  "strictly  chemically 
pure"   (sp.  gr.   1.2). 

Potassium  Iodide,  17  grams  in  100  cc. 

The  solutions  were  prepared  and 
standardized  with  every  care,  the  burettes 
were  calibrated  before  using,  and  a 
special  burette  reader  was  employed,  by 
means  of  which  hundredths  of  a  cubic 

centimeter  could  readily  be  distinguished. 

LOSS  OF  BROMINE' BY  EVAPORATION. 

The  test  analyses  published  at  the  close 
of  this  paper  were  carried  out  in  a 
0.25  liter  long-necked  glass-stoppered 
measuring  flask.  In  order  to  assure 
myself  that  there  was  no  loss  of  bromine 
by  evaporation,  two  measurements  were 
made  in  the  apparatus  sketched  in  the 
accompanying  figure  (made  by  sealing 
an  adapter  to  a  separating  funnel). 

The  chamber  A  was  closed  by  the 
perforated  rubber  stopper  B,  the  tap 
opened  and  the  whole  exhausted  with  a 
filter-pump;  the  tap  was  then  closed, 
B  removed,  and  the  apparatus  fixed  in 
a  stand,  A  upwards.  Fourteen  cc.  of 
the  hypobromite  (or  bromide-bromate 
solution)  were  then  pipetted  into  A  and 
sucked  into  D  by  slightly  opening  the 
tap ;  this  was  followed  by  25  cc.  of  acid 
and  then  20  cc.  of  phenol  solution;  the 
vessel  A  was  rinsed  out  with  10  cc.  of 
water  between  each  addition  and  the 
rinsings  sucked  into  D.  After  shaking 
and  allowing  to  stand  for  five  minutes, 
5  cc.  of  the  potassium  iodide  solution 
were  added  in  the  same  manner;  the 
tap  was  then  opened  to  restore  atmos- 
pheric pressure  in  D  and  the  contents 
poured  through  B  into  a  beaker  containing  150  cc.  of  water,  where 
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the  iodine  was  titrated  by  sodium  thiosulphate.  From  the  thio- 
sulphate  required  the  excess  of  bromine  was  calculated,  and  by 
subtracting  from  the  original  14  cc.  the  "KOBr  used"  of  the  table 
was  obtained. 

Experiments  identical  in  every  respect,  except  that  the  250  cc. 
flask  was  used  instead  of  the  apparatus  just  described,  were  car- 
ried out  at  the  same  time ;  as  is  shown  in  Table  I,  the  results  differ 
only  by  one  or  two  parts  per  thousand.  Tt  is  thus  proved  that  the 
operation  may  be  carried  out  in  a  flask  without  loss  of  bromine. 
Some  care,  however,  is  necessary ;  in  one  case  where  the  bromine 
vapor  was  purposely  blown  out  of  the  flask,  an  error  of  2  per  cent, 
in  the  analysis  resulted. 

Table  I. 
Hypobromite,  14  cc;  acid,  25  cc;  water,  30  cc;  phenol,  20  cc;  iodide,  5  cc; 

time,  five  minutes. 
Hypobromite.  Apparatus.  KOBr  used.         Differences. 

Fresh  Flask  i; 

Fresh  See  figure 


13-9*1 
13.91} 


Evaporated    _        Flask 

~  '    ^  0.02 


i3.9°l 
I3-94J 


Evaporated  See  figure 

ACTION  OF  BROMIC  ACID  ON  PHENOL  AND  THE  USE  OF  THE  BROMIDE- 

BROMATE  MIXTURE. 

If  a  little  potassium  bromate  be  mixed  with  a  solution  of  phenol 
and  acid  be  added,  the  solution  turns  red  and  a  red  precipitate  is 
deposited  which  contains  bromine  and  does  not  liberate  iodine  with 
hydriodic  acid.  It  is  obvious  that  the  formation  of  this  substance, 
during  the  determination  of  phenol,  would  vitiate  the  result. 

As  old  solutions  of  potassium  hypobromite  are  liable  to  contain 
bromate,  two  pairs  of  experiments  were  undertaken  to  see  whether 
errors  could  be  introduced  into  *,he  analysis  from  this  source;  in 
one  of  each  pair  14  cc.  of  fresh  hypobromite  solution  were  used 
and  in  the  other  a  solution  of  bromide  and  bromate  made  by  evap- 
orating 14  cc.  of  the  same  hypobromite  to  dryness  and  dissolving 
the  residue.  In  one  experiment  of  each  of  the  pairs  the  reagents 
were  mixed  in  the  order  A,  hypobromite  (or  bromide-bromate 
mixture),  acid,  phenol,  and  in  the  other  in  the  order  B,  acid, 
phenol,  hypobromite  (or  bromide-bromate).  The  results  with  the 
bromide-bromate  mixture  were  3  or  4  parts  per  thousand  higher 
than  the  others,  while  the  order  of  mixing  made  no  difference  (see 
Table  II).    It  is  thus  clear  that  the  presence  of  a  little  bromate 
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in  the  hypobromite  solution  can  exert  no  influence  whatever  on 
the  result. 

Table  n. 

Hypobromite,  14  cc. ;  acid,  25  cc  ;  water,  30  cc. ;  phenol,   20  cc.  ;  iodide, 

5  cc.  ;  time,  five  minutes. 
Hypobromite.  Order  of  mixing.  KOBr  used. 

Fresh  A  I3-9* 


Fresh 

B 

13-94 

Evaporated 

A 

I3-96 

Evaporated 

B 

I3-96 

NEW  PRODUCT  OF  THE  ACTION  OF  BROMINE  ON  PHENOL. 

If  solutions  of  phenol  and  potassium  hypobromite  be  mixed  and 
the  mixture  be  acidified,  the  precipitated  tribromphenol  is  mixed 
with  a  red  powder.  What  seems  to  be  the  same  compound  was 
obtained  as  a  by-product  in  the  preparation  of  tribromphenolbro- 
mide,  and  by  the  action  of  alkaline  solutions  of  bromine  on  tribrom- 
phenol. It  melts  at  about  91  °  C.  and  contains  about  64  per  cent, 
of  bromine,  but  does  not  liberate  iodine  with  an  acid  solution  of 
potassium  iodide.  It  is  insoluble  in  water,  alcohol,  ether,  and  in 
glacial  acetic  acid;  soluble  in  carbon  bisulphide,  chloroform  and 
benzene,  giving  red  solutions.  Its  molecular  weight  in  chloroform 
solution  (boiling-point  determinations)  is  508  to  514.  On  warm- 
ing with  a  10  per  cent  solution  of  caustic  potash,  or  with  concen- 
trated sulphuric  acid,  it  is  apparently  unaltered,  but  by  heating 
to  a  temperature  above  its  melting-point  it  is  converted  into  a 
substance  resembling  hexabromphenoquinone. 

I  propose,  if  possible,  to  determine  the  constitution  of  this  sub- 
stance. Its  formation  during  an  analysis  would,  obviously,  in- 
troduce errors  into  the  result,  hence  the  analytical  method  of  group 
3  (Pa£e  J8)  cannot  be  recommended. 

THE  DETERMINATION  OF  PHENOL. 

Four  of  the  most  likely  sources  of  error  in  the  present  methods 
of  determining  phenol  by  bromine  having  been  studied  in  detail,  it 
remained  to  inquire  whether  determinations  carried  out  under  the 
conditions  suggested  by  the  foregoing  experiments,  would  give 
accurate  results.  The  test-analyses  undertaken  with  the  object 
of  deciding  this  question  were  made  in  acid  solution  in  order  to 
avoid  the  formation  of  tribromphenolbromide  •}  they  were  carried 
out  at  room  temperature  in  a  long-necked,  glass-stoppered  0.25- 
liter  flask  (page  20),  and  the  bromine  was  introduced  in  the  con- 
venient form  of  a  solution  in  caustic  potash   (page  22).     The 

1  This  Journal,  37,  7  (1905)- 
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phenol  solution  was  run  into  the  flask  from  a  burette,  the  acid 
added,  and  then  the  hypobromite  from  a  pipette.  The  flask  was 
closed,  shaken  for  thirty  seconds,  and  allowed  to  stand  for  the  time 
given  in  the  table  after  "t."  Five  cc.  of  potassium  iodide  solution 
were  then  added,  followed  by  ioo  cc.  of  water,  and  in  some  cases 
10  cc.  of  chloroform.  The  whole  was  shaken  for  fifteen  seconds, 
allowed  to  stand  for  two  minutes,  and  the  iodine  determined  with 
the  N/50  thiosulphate. 

Table  III. 
Hypobromite,  25  cc;  acid,  15  cc. 

10  cc.  chloroform.  No  chloroform. 


/  =  2  min- 

t =  2  min- 

/ =  5  min- 

Phenol. 

Excess  Br. 

/=»o. 

utes. 

/  =  o. 

utes. 

utes. 

cc. 

cc. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Percent. 

5 

21.40 

•  •  •  • 

114.0 

I05.6 

I05.6 

106.2 

IO 

17.80 

•  •  •  • 

IO9.6 

1039 

103.7 

IO3.9 

15 

14.21 

•  •  •  • 

ioo.io 

•  •  •  • 

•  •  •  • 

•  •  •  • 

20 

10.61 

100.0 

99-95 

•  •  •  • 

99-97 

IOO.  1 1 

20 

10.61 

•    •    •    • 

•  •  •  • 

•  •  •  • 

101.51* 

102.71* 

20 

10.61 

•   •    •   • 

•  •  •  • 

•  •   •  • 

•  •  •  • 

IOl.92t 

25 

7.01 

•    •    •   • 

100.05 

99.62 

99.83 

99.83 

25 

7.01 

•   •   •    • 

•  •  •  • 

•  •  •  • 

100.35* 

•    ■    ■   • 

25 

7.01 

•   •   •  • 

•  •  •  • 

•  •   ■  • 

99-85 

•    •    •   • 

30 

342 

99-9 

99-95 

99-56 

97-7 

99.83 

30 

3-42 

•  »  •  • 

•  •  •  • 

99.6 

9965 

99.85 

31 

2.70 

99.8 

99.8 

99-44 

9955 

99.97 

32 

1.98 

•  •  •  • 

99-85 

99-25 

99-35 

9997 

33 

1.26 

•  •  •  • 

98.99 

98.7 

9935 

997 

34 

o.54 

•  •  •  • 

98.62 

98.1 

98.9 

9942 

35 

0.18 

■  •  •  • 

9763 

96.9 

•  •  •  • 

98.74 

Under  "Excess  Br"  is  given  the  difference  between  the  volume 
of  the  hypobromite  employed,  viz.,  25  cc.  and  the  volume  equiv- 
alent to  the  phenoj  taken  (volume  of  phenol  solution  multiplied  by 
°-7I95>  see  Pa£e  l9)-  The  results  of  the  determinations  are  ex- 
pressed as  percentages  of  the  amount  of  phenol  actually  present. 

In  the  experiments  marked  with  a  star  (*),  10  cc.  of  carbon  bi- 
sulphide were  used  instead  of  chloroform,  and  in  that  marked 
dagger  (f),  5  cc.  of  acid  were  used  instead  of  15  cc.  In  this  ex- 
periment the  precipitate,  dissolved  in  chloroform,  gave  a  distinct 
green  with  benzidine  solution,  indicating  the  presence  of  tribrom- 
phenolbromide. 

Table  IV  contains  the  results  of  a  few  measurements  in  which 
sulphuric  acid  was  used  instead  of  hydrochloric.  It  is  obvious 
that  Koppeschaar1  was  mistaken  in  saying  that  the  presence  of  sul- 
phuric acid  spoils  the  titration. 

1  Ztschr.  anal.  Chtm.,  15,  237  and  340. 
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Table  IV. 

Hypobromite,  25  cc. ;  sulphuric  acid  (sp.  gr.  1.84),  11  cc. ;  chloroform,  10  cc. 

Phenol.  Excess  Br.  /  =  a. 

cc.  cc.  Per  cent. 

20  IO.61  99-9* 

25  7.0I  99-85 

30  3.42  100. 1 1 

The  above  experiments  lead  to  the  following : 

DIRECTIONS  FOR  THE  DETERMINATION  OE  PHENOL  BY  BROMINE. 

The  following  solutions  are  needed. — Fiftieth-normal  thiosul- 
phate  and  iodine;  starch ;  hydrochloric  acid  (sp.  gr.  1.2)  ;  potassium 
iodide,  17  grams  in  100  cc. ;  hyprobromite,  prepared  by  dissolving 
9  cc.  of  bromine  in  2  liters  of  a  solution  containing  28  grams  of 
caustic  potash.  The  hypobromite  must  be  compared  with  the  thio- 
sulphate  by  adding  acid  and  potassium  iodide  and  titrating  the 
iodine  set  free. 

To  carry  out  the  analysis. — Introduce  the  phenol  solution  into 
a  glass-stoppered  flask  and  add  a  volume  of  acid  equal  to  about 
one-third  or  one-fourth  of  the  combined  volumes  of  the  phenol 
solution  and  the  hypobromite  that  will  probably  be  added  during 
the  analysis. 

Run  in  the  hypobromite  from  a  burette,  shaking  the  flask,  until 
the  solution  becomes  permanently  yellow.  Then  add  an  excess 
of  the  hypobromite  (10  to  20  per  cent,  of  that  used  already)  and 
shake  well.  Finally  add  an  excess  of  potassium  iodide,  dilute  with 
water,  add  10  cc.  of  chloroform,  and  determine  the  iodine  with  the 
volumetric  thiosulphate.  The  object  of  diluting  is  to  prevent  the 
acid  from  acting  on  the  potassium  iodide  or  on  the  thiosulphate; 
if  10  cc.  of  water  be  added  at  this  stage  for  every  cubic  centimeter 
of  acid  previously  added,  the  solution  will  be  sufficiently  dilute. 
The  use  of  chloroform  may  be  dispensed  with,  if  the  mixture 
be  allowed  to  stand  five  minutes  before  adding  the  potassium 
iodide;  it  is,  however,  better  to  use  the  chloroform, — carbon  bisul- 
phide is  not  satisfactory. 

If  these  directions  be  adhered  to,  the  phenol  can  be  determined 
within  1  or  2  parts  per  thousand. 

In  conclusion,  the  author  wishes  to  express  his  thanks  to  Prof. 
W.  Lash  Miller,  at  whose  suggestion  this  research  was  undertaken, 
and  under  whose  direction  it  has  been  carried  out. 

Thb  University  of  Toronto, 
March,'i904. 
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TRIBROMPHENOLBROMIDE:    ITS    DETECTION,    ESTIMA- 
TION, RATE  OF  FORHATION,  AND  REACTION 
WITH  HYDRIODIC  ACID. 

By   S.  J.   I,LOYD. 

Received  October  27,  1904. 

The  following  experiments  form  part  of  an  investigation  of  the 
reaction  between  bromine  and  phenol,  which  was  undertaken  with 
the  object  of  improving  Koppeschaar's  method  of  determining  the 
latter  substance. 

The  tribromphenolbromide  used  was  prepared  by  Werner's1 
recipe,  recrystallized  three  times  from  chloroform,  and  dried  for 
three  days  over  sulphuric  acid  in  a  vacuum;  it  formed  golden- 
yellow  crystals,  melting-point  1190. 

detection. 

When  searching  for  a  distinctive  qualitative  test  for  tribrom- 
phenolbromide, I  found  that  ammonia,  and  chloroform  solutions  of 
many  of  the  organic  bases  react  with  it  to  form  colored  product*, 
as  follows : 

Bull.  Sac.  Chim.,  43,  372  (1S85). 
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Ammonia 

Brown. 

Aniline 

Deep  red,  turning  muddy. 

Dimethylaniline 

Slight  darkening. 

Paratoluidine 

Clear  red 

Diphenylamine 

Light  red. 

a-Naphthylamine 

Dark  blue,  turning  purple. 

/?-Naphthylamine 

Light  rose-pink,  appears  very  slowly. 

Aminoazobenzene 

Brown- red,  appears  very  slowly  and  gradually 

deepens. 

Pyridine 

Light  yellow. 

Benzidine 

Intense  green,  purple  if  concentrated. 

Azoxybenzene,  Metanitraniline,  Acetanilide,  no  change. 

Of  these,  aniline  and  benzidine  proved  most  suitable  as  reagents ; 
with  tribromphenol,  tetrabromphenol  and  hexabromphenoquinone 
they  give  no  color,  while  with  bromine  water  an  aniline  solution  is 
bleached,  and  benzidine  gives  a  seal-brown,  quite  distinct  from  the 
green  with  tribromphenolbromide. 

The  benzidine  solution  may  be  prepared  by  warming  5  grams  of 
benzidine  sulphate  with  50  cc.  of  a  10  per  cent,  potash  solution, 
cooling,  extracting  the  benzidine  with  chloroform,  and  filtering 
off  the  chloroform  solution.  Three  drops  of  this  reagent  give  a 
distinct  green  with  10  cc.  of  a  solution  containing  1  gram  of  tri- 
bromphenolbromide in  a  liter  of  chloroform.  Shaking  the  tri- 
bromphenolbromide solution  with  decinormal  sodium  ihiosulphat? 
before  adding  the  benzidine  reagent  does  not  interfere  with  the 
color  reaction. 

ESTIMATION. 

As  the  reaction  with  potassium  iodide  is  obviously  unsuitable 
(see  page  20),  a  basis  for  the  method  was  sought  in  the  action  of 
reducing  agents ;  Benedict1  states  that  zinc  and  hydrochloric  acid 
reduce  tribromphenolbromide  to  tribromphenol,  but  does  not  seem 
to  have  made  any  quantitative  measurements.  After  experiment- 
ing with  sodium  amalgam  and  with  magnesium,  I  finally  decided 
in  favor  of  powdered  zinc  and  sulphuric  acid,  which  are  without 
action  upon  tribromphenol,  but  remove  one  atom  of  bromine  from 
tribromphenolbromide.  By  determining  the  bromine  in  the  solu- 
tion after  reduction,  it  is  thus  possible  to  calculate  the  amount  of 
tribromphenolbromide  in  the  substance  analyzed.  The  details  of 
the  method  are  as  follows : 

The  tribromphenolbromide  was  placed  in  a  150  cc.  flask,  20  cc. 

1  Ann.  Chem.  (Liebig),  IQQ,  127  (1879). 
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of  alcohol  (96  per  cent.),  5  cc.  N/4  sulphuric  acid  and  about  0.25 
gram  powdered  zinc1  were  added,  and  the  flask  heated  on  a  water- 
bath  until  the  whole  of  the  tribromphenolbromide  had  dissolved 
and  the  solution  had  lost  its  characteristic  yellow  color.  Excess  of 
calcium  carbonate  wa$  then  added  to  neutralize  the  free  sulphuric 
acid,  and  the  alcohol  together  with  most  of  the  tribromphenol  were 
distilled  off  on  a  water-bath ;  the  residue  was  extracted  with  three 
successive  portions  of  boiling  water,  25  cc,  25  cc,  and  10  cc,  re- 
spectively ;  and  in  the  filtrate,  after  cooling,  the  bromine  was  de- 
termined by  N/10  silver  nitrate  with  potassium  chromate  as  indi- 
cator. Blank  experiments  with  tribromphenol  showed  that  no 
bromine  was  removed  by  this  treatment. 

Test  Analyses. 

Tribromphenol- 
bromide. AgNOj  found.  AgNO*  calc. 
Gram.                             cc.  cc.  Per  cent. 

O.5023  12.45  12.46  99.92 

O.5327  13.19  13. 1 1  IOO.61 

0.5249  12.80  12.92  99- °7 

NOT  THE  PRIMARY  PRODUCT. 

The  precipitate  formed  by  the  action  of  bromine  water  upon 
phenol  is  at  first  pure  white  in  color,  but  on  standing  with  the  solu- 
tion containing  excess  of  bromine  it  gradually  assumes  a  yellowish 
tint ;  the  change  is  due  to  the  formation  of  tribromphenolbromide, 
the  presence  pf  which  was  detected  by  the  qualitative  tests  de- 
scribed above.  The  change  of  color  shows  that  tribromphenol- 
bromide is  not  the  primary  product  of  the  action  of  bromine  water 
upon  phenol,  as  imagined  by  Weinreb  and  Bondi,2  but  is  formed  by 
a  gradual  reaction  between  the  precipitated  tribromphenol  and  the 
excess  of  bromine. 

RATE  OF  FORMATION. 

By  means  of  the  method  of  analysis  described  above,  the  amount 
of  tribromphenolbromide  formed  when  the  phenol  was  treated  with 
bromine  under  varying  conditions  was  determined. 

The  following  solutions  were  employed :  Phenol,  20  grams  per 
liter;  silver  nitrate,  16.83  grams  per  liter;  the  tribromphenolbro- 
mide from  5  cc.  of  the  phenol  solution  is  thus  equivalent  to  10.74  cc. 
of  the  silver  nitrate.  Hypobromite,  bromine  was  dissolved  in  a  solu- 

1  This  is  more  than  enough,  excess  does  no  harm. 
*  Monatsheftf.  Chtmie.  6.  506  (1R85). 
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tion  of  caustic  potash  of  known  alkalinity  (about  quarter  normal) 
and  a  solution  of  hydrochloric  add  equivalent  to  the  potash  was 
prepared,  so  that  on  mixing  the  alkaline  solution  of  bromine  with 
an  equal  volume  of  the  equivalent  acid  a  neutral  bromine  solution 
resulted.  By  titration  with  volumetric  sodium  thiosulphate  after 
adding  acid  and  potassium  iodide,  50  cc.  of  the  hypobromite  solu- 
tion were  found  to  contain  0.6810  gram  bromine ;  hence  to  convert 
5  cc.  of  the  phenol  solution  into  tribromphenol  requires  3745  cc. 
of  the  hypobromite  solution ;  to  convert  it  into  tribromphenolbn>- 
mide  requires  49.94  cc.  Allen1  states  that  hypobromite  solutions 
prepared  like  that  above,  and  containing  a  large  excess  of  alkali  do 
not  appreciably  alter  their  content  of  available  bromine  upon  stand- 
ing or  heating. 

The  experiments  were  carried  out  as  follows:  50  cc.  of  the 
hypobromite  solution  were  pipetted  into  a  glass-stoppered  quarter- 
liter  measuring  flask,  then  50  cc.  of  the  equivalent  acid  added  and 
finally  5  cc.  of  the  phenol  solution.  The  mixture  was  shaken  for 
thirty  seconds  and  allowed  to  stand  for  a  measured  interval,  after 
which  the  mother-liquor  was  rapidly  removed  by  means  of  a  filter- 
pump  and  a  large  perforated  porcelain  funnel.  The  precipitate  was 
washed  with  cold  water  until  the  addition  of  silver  nitrate  produced 
no  cloudiness  in  the  filtrate,  and  was  then  brought,  filter-paper  and 
all,  into  a  150  cc.  flask,  where  the  tribromphenolbromide  was  de- 
termined as  described  above. 

In  some  of  the  experiments  the  concentration  of  the  bromine 
was  altered  by  adding  bromine  from  a  burette ;  in  others,  previous 
to  the  addition  of  phenol,  the  solution  was  acidified  with  hydro- 
chloric acid  (sp.  gr.  1.2),.  while  in  others  weighed  quantities  of 
potassium  bromide  were  added.  The  results  are  contained  in 
Tables  I  to  VI. 

The  effect  of  varying  the  time  during  which  the  bromine  water 
acted  upon  the  tribromphenol,  i,  c,  the  interval  between  adding  the 
phenol  and  filtering,  was  first  studied.  The  results  of  these  ex- 
periments are  contained  in  Table  I ;  they  afford  ample  proof  that 
the  tribromphenolbromide  is  a  secondary  product  and  show  what 
a  large  amount  of  it  may  be  formed  in  a  few  minutes  under  the 
ordinary  conditions  of  a  phenol  determination. 

1  /.  Soc.  Chem.  /fid.,  3,  65  (1884). 


AgNOa. 
cc. 

Tribromphenolbromide. 
Per  cent. 

2.36 

22 

4.II 

38 

5.13 

48 

7-49 

70 
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Table  I.  —Effect  of  Time. 

KOBr,  50  cc.  ;  equiv.  HC1,  50  cc. ;  HC1  (sp.  gr.  1.2),  1  cc.  ;  phenol,  5  cc. 

Time. 
Minutes. 

5 
IO 

15 

30 
Hours. 

18  ,  7.75  72 

Under  AgNOs  is  given  the  volume  of  the  silver  nitrate  solution  required 
in  the  analysis;  the  numbers  under  •' Tribromphenolbromide "  (obtained  by 
dividing  the  figures  in  the  second  column  by  10.74)  represent  the  fraction  of 
the  phenol  which  has  been  converted  into  tribromphenolbromide. 

The  experiments  of  Tables  II,  III,  IV,  V  and  VI  show  that  the 
amount  of  tribromphenolbromide  formed  from  5  cc.  of  the*  phenol 
solution  in  a  constant  interval  (five  minutes)  increases  with  the 
excess  of  bromine  and  with  the  volume  of  the  reacting  mixture, 
and  is  diminished  by  adding  acid  or  potassium  bromide,  or  by  low- 
ering the  temperature.  They  afford  a  striking  parallel  to  the  re- 
sults obtained  by  Mr.  Roebuck  in  his  study  of  the  rate  of  oxida- 
tion of  arsenious  acid  by  iodine,1  where  the  rate  is  proportional  to 
the  concentration  of  the  iodine  and  to  the  volume  of  the  solution, 
and  inversely  proportional  to  the  concentration  of  the  acid  and  of 
the  potassium  iodide ;  Roebuck  interpreted  his  results  by  assuming 
that  hypoiodous  acid  is  the  oxidizing  agent  in  iodine  solutions; 
a  similar  explanation  of  my  own  experiments,  viz.,  that  the  forma- 
tion of  tribromphenolbromide  from  tribromphenol  is  due  to  the 
oxidizing  action  of  hypobromous  acid,  naturally  suggests  itself. 

Table  II.— Effect  of  Volume. 

KOBr,  50  cc;  equiv.  HC1,  none  ;*  HC1  (sp.gr.  1.2),  1  cc;  phenol,  5  cc. 

Volume.  AgNOs.  Tribromphenolbromide. 

cc.  cc.  Per  cent. 

57  l.*9  XI 

I06  2.36  22 

157  3-84  36 

207  4.6  43 

*  To  keep  down  the  volume.  The  1  cc.  of  strong  hydrochloric  acid  was 
very  slightly  more  than  enough  to  neutralize  the  alkali  of  the  hypobromite 
solution. 

»  J.  Pkys.  Chfm.,  6,  365  (1902). 
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Table  III.— Effect  of  Bromink. 
KOBr,  50  cc;  equiv.  HC1,  50  cc;  HC1  (sp.  gr.  1.2),  1  cc.;  phenol,  5~cc 

ToUl  excess  bromine.  AgNO*  Tribroniphenolbroniide. 

Grams.  cc.  Per  cent. 

O.17  2.36  22 

o.55  559  52 

0.92  7.02  66 

1.67  8.74  81 

Table  IV.— Effect  of  Acid. 

KOBr,  50  cc;  equiv.  HC1,  50  cc;  phenol,  5  cc 
Total  acid.  AgNOg.  TriDromphenolbromide. 

Mol.  cc.  Per  cent. 

O.OI6  2.36  22 

0.029  2'7&  x7 

O.068  I.37  13 

O.068  I.35  '3 

0.133  o-35  3 

0.198  0.1  1 

Table  V.— Effect  of  Potassium  Bromide. 

KOBr,  50  cc;  equiv.  HC1,  50  cc;  HC1  (sp.  gr.  1.2),  1  cc;  phenol,  5  cc. 
Total  KBr.  AfcNOa.         Tribroniphenolbroniide. 

Mol.  cc.  Per  cent. 

0.003  2.36  22 

O.OO73  I.69  15-7 

O.OII6  O.51  4*7 

O.0288  0.25  2.3 

0.0546  O.23  2.2 

Table  VI.— Effect  of  Temperature. 

KOBr,  50  cc;  equiv.  HC1,  50  cc;  HC1  (sp.  gr.  1.2),  1  cc;  phenol,  5  cc. 

Temperature.  AgNO*.  Tribromphenolbromide. 

°C.  cc.  Per  cent. 

o  1.9  18 

18  2.36  22 

These  experiments  show  clearly  that  in  order  to  avoid  the  forma- 
tion of  tribromphenolbromide  when  titrating  phenol  with  bromine, 
the  liquid  must  be  strongly  acid  or  must  contain  an  excess  of 
potassium  bromide :  the  excess  of  bromine  must  not  be  too  great, 
and  the  time  during  which  the  precipitate  of  tribromphenol  is  in 
contact  with  the  excess  of  bromine  must  not  be  too  long.  Under 
these  conditions  only  a  mere  trace  of  tribromphenolbromide  is 
formed,  and  it  is  precisely  when  the  quantity  of  that  substance  is 
smallest  that  it  is  most  easily  acted  upon  bv  hydriodic  acid  (see 
Table  VII). 
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t 
REACTION   WITH   IIYDRIODIC  ACID. 

The  statement  that  tribromphenolbromide  reacts  with  potassiurr 
iodide  according  to  the  equation 

C0H,Br,OBr  +  2KI  =  C0H2Br8OK  +  KBr  +  I2 
is  founded  on  experiments  of  Weinreb  and  Bondi.1  and  of  Werner.2 
The  former  obtained  95  per  cent,  of  the  theoretical  iodine  by  di- 
gesting for  twelve  hours  with  an  aqueous  solution  of  potassium 
iodide  at  180,  or  99  per  cent,  at  500  ;  the  latter,  using  a  chloroform 
solution,  obtained  99.96  per  cent.  The  more  recent  experiments 
of  Kastle,3  however,  show  that  in  chloroform  solution,  in  absence 
of  water,  hexabromphenoquinone  is  the  sole  product,  in  which  case 
only  half  of  the  iodine  called  for  by  the  above  equation  is  liberated  ; 
while  if  a  carbon  bisulphide  solution  of  tribromphenolbromide  be 
treated  with  an  aqueous  solution  of  potassium  iodide,  the  iodine 
liberated  varies  from  90  to  too  per  cent,  of  the  theoretical  amount, 
depending  upon  the  relative  quantities  of  potassium  iodide,  water, 
and  carbon  bisulphide  present.  In  none  of  my  own  experiments, 
the  results  of  which  are  detailed  in  Tables  VII  and  VIII,  did  I 
obtain  a  quantitative  yield  of  iodine;  although  potassium  iodide 
was  present  in  excess,  the  acidity  of  the  solution  was  varied,  differ- 
ent solvents  were  tried,  and  the  digestion  was  much  more  pro- 
longed than  would  be  convenient  in  an  analytical  method. 

It  is  apparent,  however,  that  as  the  amount  of  tribromphenol- 
bromide is  reduced,  the  amount  of  iodine  liberated  approaches 
nearer  and  nearer  to  the  theoretical  value. 


' 

Tabu?  VII. 

Tribrom- 

Io- 

phenol- 

dine. 

bromide. 

n 

HCl. 

Per 

Kxpt. 

Gram. 

Solvent. 

Time. 

cc. 

cent. 

Chloroform  or  benzene  residues. 

• 

l 

O.2038 

none 

7  days 

•    • 

77 

it 

O.2031 

•  1 

7  days 

•   • 

78 

•  ■  • 

rtt 

O.1747 

CHC1, 

24  hrs. 

*    • 

87 

Brown,  not  green  with  benzidine. 

iv 

O.1560 

CHC13 

20  hrs. 

2-5 

9' 

Deep  red  with  aniline 

V 

O.I775 

CHC1S 

8  hrs. 

2.5 

88 

Yellowish   red;    not  green  with 
benzidine. 

vi 

0.2520 

C«H6 

48  hrs. 

•   • 

76 

Deep  red  with  aniline. 

vii 

0.2685 

C6H6 

36  hrs. 

5 

81 

it      K       •(          <t 

•  •  • 

in  11 

0.3045 

C6H6 

24  hrs. 

5 

84 

t 1      <<       <(          tt 

i.v 

O.2073 

^«Hfi 

10  min. 

5 

78 

Green  with  benzidine. 

1 

Monalsheftt 

/.  Chsm., 

,  6,506(1885). 

2 

Bull.  Soc.  Chin.,  43, 

373(>K8S). 

• 

8 

Am.  Client  J„  37,  31 

(1902). 
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Bxpt. 

Tribrom- 
phenol- 

bromide. 
Gram. 

C 

Solvent. 

n 
Time. 

HCl. 
cc. 

Io- 
dine. 

Per 
cent. 

Chloroform  or  benzene  residues. 

X 

O.2594 

C6H6 

I  hr. 

5 

80 

Green  with  benzidine. 

xi 

O.OOI7 

CHC1S 

5  min. 

5 

98 

Too  dilute. 

•  • 

xtt 

0.0034 

CHC1, 

5  min. 

5 

94 

(i        i« 

a    •  • 

xttt 

0.0068 

CHC1* 

5  min. 

5 

91 

tt        «i 

xiv 

O.OI02 

CHC1, 

5  min. 

5 

87 

(i        (« 

XV 

O.OI70 

CHC1, 

5  min. 

5 

83 

n        k 

In  Experiments  i  to  x  the  amount  taken  for  analysis  was 
weighed  out  and  placed  in  a  100  cc.  glass-stoppered  bottle,  the  ben- 
zene or  chloroform  (10  cc.)  added,  then  the  acid  and  finally  the 
potassium  iodide  dissolved  in  water.  In  Experiment  v  four  times 
the  theoretical  amount  of  potassium  iodide  was  used,  in  the  others 
twice.  The  mixture  was  well  shaken  and  allowed  to  stand  for  a 
measured  time,  at  the  end  of  which  the  iodine  set  free  was  titrated 
against  N/50  thiosulphate.  The  results  of  the  analyses  are  entered 
in  the  table  under  "Iodine"  as  percentages  of  the  amounts  of  iodine 
that  would  have  been  liberated  from  the  tribromphenolbromide 
taken  had  the  reaction  proceeded  according  to  Werner's  equation. 

In  Experiments  .rt  to  xv  a  weighed  quantity  of  tribromphenol- 
bromide was  dissolved  in  chloroform,  and  a  measured  volume  of 
this  solution  made  up  to  10  cc.  for  each  experiment,  5  cc.  of  normal 
potassium  iodide  and  5  cc.  of  normal  acid  were  added,  and  the 
mixture  was  well  shaken  and  allowed  to  stand  for  five  minutes, 
after  which  the  iodine  was  determined  as  before. 

After  completing  the  analysis,  the  color  of  the  chloroform  or 
benzene  solution  was  noted,  and  then  a  few  drops  of  the  aniline  or 
benzidine  reagent  added.  In  Experiments  iv,  and  vi  to  x,  the 
presence  of  unaltered  tribromphenolbromide  was  established,  but 
in  Experiments  Hi  and  v,  although  the  chloroform  solutions  were 
colored,  no  tribromphenolbromide  could  be  detected.  This  shows 
that  in  the  experiments  in  question  the  deficit  of  15  per  cent,  or  so 
in  the  iodine  is  due  to  the  formation  of  a  by-product,  and  not  to  * 
the  incompleteness  of  the  reaction  formulated  above.  The  delicacy 
of  the  benzidine  test  is  not  sufficient  to  enable  it  to  be  of  value  in 
Experiments  xi  to  xv. 

The  experiments  of  Table  VI TI  were  carried  out  in  the  same 
way  as  the  first  ten  of  the  preceding  table,  except  that  the  hydro- 
chloric acid  was  replaced  by  acetic,  and  an  excess  of  sodium  thio- 
sulphate (5  cc.  of  a  normal  solution)  was  added  to  the  reacting 
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mixture  at  the  same  time  as  the  potassium  iodide.  The  results  are 
very  similar  to  those  of  Table  VII,  and  show  that  the  deficit  is 
not  altogether  due  to  the  presence  of  iodine. 


Tabus  VIII. 

ro. 

Trihrom- 
pheuol- 

bromide. 
Gram. 

Solvent. 

Time. 
Hour*. 

n  HAc. 
cc. 

Iodine. 

Per 
cent. 

Chloroform  or  bensene 
residues. 

i 

0-3»95 

C6H6 

24 

•  . 

87 

No  reaction  with  benzidine. 

2 

O.1470 

C6H6 

20 

5 

95.8 

i< 

«i              it             «« 

3 

O.I795 

C,H6 

18 

5 

956 

«t 

11              ic              «• 

4 

O.2145 

C,H6 

24 

5 

92.I 

«i 

11                     IC                     11 

5 

0. 2748 

CHC1, 

24 

5 

933 

«« 

11              11              «« 

From  these  experiments  it  is  apparent  that  if  in  a  phenol  de- 
termination part  of  the  tribromphenol  precipitate  is  converted  into 
tribromphenolbromide,  the  latter  will  not  be  quantitatively  trans- 
formed into  tribromphenol  by  the  action  of  potassium  iodide,  and 
an  error  will  thus  be  introduced  into  the  analysis. 

SUMMARY. 

( 1 )  Aniline  and  benzidine  may  be  used  as  qualitative  reagents 
for  tribromphenolbromide. 

(2)  Tribromphenolbromide  is  quantitatively  reduced  to  tribrom- 
phenol by  zinc  and  sulphuric  acid;  a  convenient  method  for  its 
determination,  based  on  this  reaction,  is  described. 

(3)  Tribromphenolbromide  is  not  a  primary  product  of  the 
action  of  bromine  on  phenol,  but  is  formed  by  the  gradual  action 
of  bromine  water  on  tribromphenol.  As  the  rate  of  this  reaction 
is  decreased  by  adding  acid  or  potassium  bromide,  and  increased 
by  adding  water  or  bromine  (or  by  raising  the  temperature),  it  is 
probably  due  to  the  presence  of  hypobromous  acid  in  the  bromine 
water. 

(4)  Tribromphenolbromide  is  not  quantitativel)  reduced  to  tri- 
bromphenol by  hydriodic  acid  under  conditions  convenient  for 
analysis ;  this  is  due  in  part  to  the  formation  of  other  products. 

My  thanks  are  due  to  Prof.  W.  Lash  Miller,  at  whose  sugges- 
tion this  research  was  undertaken  and  under  whose  supervision  it 
has  been  carried  out. 

The  University  of  Toronto, 
Juue.  1904. 
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THE  CHEMICAL  INDUSTRIES  OF  THE  DOMINION. 

By  W.  R.  Lang,  D.Sc, 

Professor  of  Chemistry  in  the  University  of  Toronto. 

(Read  10th  December,  1904). 
(Completed  for  publication,  April,  1905). 

Preface. 

Much  of  this  paper  appeared  about  two  years  ago  in  the  Journal  of 
the  Society  of  Chemical  Industry*  Recently  it  was  communicated  by  re- 
quest to  the  Canadian  Institute  after  having  been  revised  and,  in  a  measure, 
brought  up  to  date.  A  closer  scrutiny  of  the  subject  matter,  however, 
led  to  the  conclusion  that  entire  revisal  and  rewriting  were  necessary  in 
order  that  it  might  present  the  condition  of  the  chemical  industries  of  the 
Dominion  as  they  are  at  the  time  of  publication.  Every  effort  has  been 
made  to  do  this  as  far  as  possible,  and  the  writer  hopes  that  any  short- 
comings will  be  brought  to  his  notice. 


In  writing  on  such  a  subject  as  the  Chemical  Industries  of  Canada, 
two  main  considerations  have  been  kept  in  mind ;  firstly,  that  the  develop- 
ment of  the  industrial  resources  of  the  Dominion  during  the  past  decade 
has  been  phenomenal,  and  secondly,  that  the  extent  of  these  developments 
is  only  fully  understood  by  a  few.  While  it  is  impossible  to  discuss  all  the 
industries  in  which  chemical  operations  and  reactions  are  made  use  of, 
an  attempt  has  been  made  to  select  processes  in  some  cases  peculiar  to  the 
country,  but  notably  the  industries  which  owe  their  development  to  the 
natural  mineral  and  vegetable  resources,  and  to  the  widely  scattered  water 
power  obtainable  in  the  Dominion. 

The  subjects  taken  up  may  be  classified  as  follows: — 

I. — Common  Salt  and  Alkali. 
II. — The  Extraction  and  Refining  of  Metals. 
III. — The  Manufacture  of  Leather. 

IV — Sulphuric  Acid,  Acetic  Acid,  Wood  Alcohol,  Charcoal,  and  Ammonia 
V. — Soap  and  Glycerine. 
VI. — Refined  Chemicals  and  Drugs. 
VII.— Fertilizers. 
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VIII.— Coal-Tar  and  Asphalt. 
IX. — Calcium  Carbide,  Carborundum,  Corundum  and  Graphite. 
X. — The  Cement  and  Plaster  Industry. 
XI.— The  Beet-Sugar  Industry. 
XII. — Natural  Gas  and  Petroleum. 
XIII. — Pulp  and  Paper. 
XIV. — Asbestos  and  Mica 


I. — Common  Salt,  Alkali  and  Chlorine  Compounds. 

Sodium  chloride  is  found  in  the  upper  Silurian  beds  in  Ontario,  and  in 
the  Devonian  in  Manitoba  and  Athabasca;  salt  springs  also  occur  in  Cape 
Breton  and  in  New  Brunswick,  but  these  are  comparatively  unimportant 
sources  of  supply.  In  Ontario  the  salt  area  stretches  through  the  counties 
of  Middlesex,  Huron,  Bruce,  and  Lambton,  large  deposits  being  found 
along  the  shore  of  Lake  Huron  from  Kincardine  to  Windsor.  At  Goderich 
there  is  a  deposit  126  feet  thick,  and  at  Windsor  a  well  extending  to  a 
depth  of  1,672  feet  passes  through  four  beds  of  rock  salt  of  an  aggregate 
thickness  of  392  feet.1  The  salt  is  obtained  by  evaporation,  and  is  of  an 
excellent  quality.  The  following  comparison  serves  to  illustrate  the  purity 
of  the  natural  product.2 


Sodium  chloride 

Calcium  chloride , 

Magnesium  Chloride 

Calcium-  sulphate 

Moisture 

Insoluble  matter , 

Total  Impurities. 


Natural  Salt 

of  Goderich, 

Ontario. 


Per  Cent. 
99.687 
0.032 
0.095 
0.090 
0.079 
0.017 

xoo. 000 

0234 


Natural  Salt 

of  Cheshire, 

(England.) 


Per  Cent. 
96.70 
0.68 
0.00 
0.25 
0.63 

1-74 
100.000 

2.67 


The  total  production  of  salt  in  Canada  was  valued  in  1892  at  $162,000, 
in  1901  at  $262,328,  and  in  1903  at  $334,ooo.3  *•• 

Apart  from  its  use  as  a  seasoning  and  as  a  preservative,  common  salt 
is  employed  in  the  electrolytic  preparation  of  caustic  soda  and  bleaching 
compounds. 

The  alkali  and  bleaching  powder  industries  throughout  the  world 


i 


1)  W.  Hodgson  Ellis.  M.B.,  in  "A  Handbook  of  Canada,"  1897. 

2)  Wilmott,  A.B.,  "Some  Minor  Minerals  of  Canada,"  1897. 
3  Wt.)  Statistical  Year  Book,  1903. 
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are  at  the  present  time  in  an  unsettled  condition,  mainly  owing  to  the  ad- 
vent of  electrolytic  methods.3  Wherever  cheap  water  power  is  available, 
however,  electrolytic  processes  will  be  rapidly  developed,  provided  the  raw 
material  is  obtainable  within  a  reasonable  distance. 

II. — The  Extraction  and  Refining  of  Metals. 

Almost  every  province  in  the  Dominion  possesses  valuable  mineral 
resources;  these  are  rapidly  being  exploited,  and  among  the  metals  pro- 
duced in  quantity  may  be  mentioned  iron,  copper,  lead  and  silver,  nickel, 
arsenic,  antimony,  and,  lastly,  aluminum.  These  metals  are  found  in  the 
form  of  native  iron,  magnetic  iron  ore,  iron  pyrites,  haematite,  native  copper, 
chalcopyrite,  galena,  native  silver  and  ores  of  silver,  nickeliferous  pyr- 
rhotite,  gold,  sulphide  of  antimony,  and  arsenical  pyrites. 

Iron. 

The  iron  ores  of  the  Dominion  occur  at  varied  intervals,  from  Vancou- 
ver Island  on  the  west  to  Cape  Breton  Island  and  Newfoundland  on  the 
east.  In  Nova  Scotia  there  are  particularly  rich  deposits,  and  in  close 
contiguity  to  them  are  found  the  necessary  materials  for  smelting. 
Haematites,  too,  are  found  in  all  parts  of  Canada.  One  of  the  most  valu- 
able deposits  of  specular  iron  is  at  Hull,  near  Ottawa,  which  assays  from 
64  to  68  per  cent,  of  metallic  iron.  In  the  Appendix  (Appendix  I.)  will  be 
found  more  particulars  regarding  the  iron  ores  of  the  Dominion. 

The  Canadian  iron  industry  dates  back  to  the  establishment  of  the 
St.  Maurice  forges  by  the  French  Government  in  1737.  Many  other  minor 
plants  were  subsequently  built,  as  at  Batiscan,  Hull,  and  Bois  de  Paul, 
all  in  Quebec;  at  Furnace  Falls,  Mormondale,  Marmora,  etc.,  in  Ontario; 
at  Woodstock,  in  New  Brunswick;  and  at  Moose  River,  Nictaux,  and 
Bloomfield,  in  Nova  Scotia.  They  all  subsequently  failed,  however, 
in  consequence  of  the  competition  of  Great  Britain  and  the  United  States. 
This  early  failure  was  due  as  much  as  anything  else  to  lack  of  enterprise, 
capital,  and  proper  shipping  facilities.  The  modern  development  of  the 
industry  may  be  said  to  date  from  the  introduction  of  a  protective  duty 
on  iron  in  1887.  The  granting  of  bounties  by  the  Dominion  and  Ontario 
Governments  has  also  assisted  largely  in  bringing  about  the  present  con- 
dition of  the  iron  and  steel  industries.4  The  annual  aggregate  capacity 
of  the  completed  and  unfinished  furnaces  in  the  Dominion  in  1903  was 

(3)  Cham.  TV.  J..  23.8.02,  6.9.02.  and  24.1.03. 

(4)  Dominion  bounty  on  pig  iron,  $3  per  ton  produced.  Ontario  bounty  $1  per  ton  on  pig  iron 
produced  from  Ontario  ores,  and  50  cents  on  ores  not  obtained  in  the  Province;  the  rate  of  $1  to  De  only 
paid  up  to  25,000  tons.     Bounty  is  at  present  largely  reduoed  owing  to  increased  production. 
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close  on  1,000,000  gross  tons.6  Much  of  the  iron  produced  is  now  being 
made  into  steel6  by  the  Bessemer  process.  At  Sault  Ste.  Marie  there  is 
an  extensive  plant  with  a  capacity  of  200,000  tons  of  ingots  and  180,000 
tons  of  finished  products.  There,  steel  rails  are  being  made  to  the  extent 
of  500  tons  a  day.  This  company  has  its  own  blast  furnaces,  and  under- 
takes all  the  processes,  metallurgical  and  mechanical,  through  which  the 
metal  goes  in  its  conversion  from  ore  to  finished  product. 

At  Collingwood,  Ontario,  the  Northern  Iron  and  Steel  Company, 
which  recently  acquired  the  works  of  the  Cramp  Steel  Company,  have  two 
20-ton  open  hearth  f urnaces  besides  rolling  mills  from  which  will  be  turned 
out  material  suitable  for  machinists'  and  blacksmiths'  use,  finished  steel 
bars,  angles,  fish  plates,  tie  plates  and  small  sections  such  as  are  used  by 
many  manufacturers.  The  Gilchrist  Thomas  is  the  process  employed, 
a  process  which  allows  of  ores  containing  phosphorus,  for  example,  to  be 
profitably  converted  into  good  uniform  steel.  The  ten  inch  mill  at  the 
Collingwood  works  is  equipped  with  underground  tunnels  and  turtle-backs 
for  the  purpose  of  continuous  rolling,  that  is  to  say,  a  bar  of  steel  will  be 
looped  from  one  pass  of  the  rolls  into  another  pass:  thus  a  mill  of  this 
description  is  enabled  to  roll  rods  and  long  bars.  The  furnaces  are  of  the 
latest  standard  design,  having  air  cooled  end  blocks  and  slag  pockets  with 
the  regenerators  under  the  charging  platform,  which  is  of  steel  and  con- 
crete.7 Recently  the  sompany  has  begun  to  convert,  by  "cold-drawing," 
steel  bars  into  wire  of  various  gauges. 

The  Canada  Iron  Furnace  Company  has  its  principal  plant  at  Midland, 
Ontario,  besides  several  other  smaller  establishments  in  various  parts  of 
Quebec.  The  Midland  furnace  was  erected  during  1899- 1900  on  a  property 
about  100  acres  in  extent,  situated  on  the  north  shore  of  the  Midland  Bay. 
The  furnace  proper  has  a  capacity  of  from  120  to  140  tons  a  day  of  "Mid- 
land Brand"  Foundry  Malleable  Bessemer  and  Bessemer  Pig  Iron,  and  is 
marketed  almost  entirely  in  Ontario.  The  raw  materials  used  are  coke, 
iron  ores  and  limestone.  The  coke  is  obtained  from  the  Connellsville  dis- 
trict in  Pennsylvania,  and  is  brought  in  by  rail.  The  iron  ores  are  brought 
in  by  vessel  from  Canadian  and  United  States  ports  on  Lake  Superior  and 
also  Lake  Michigan.  The  limestone  is  obtained  from  the  company's  own 
quarry,  which  is  about  130  acres  in  extent,  situated  about  three  milles 
from  the  furnace.  This  material  is  brought  to  the  furnace  by  scows  in  the 
summer  and  by  teams  in  the  winter.8 

(5)  In  a  letter  from  Mr.  T.  W.  Gibson,  Director  of  the  Ontario  Bureau  of  Mines,  the  following  figures 
are  given  for  1903: 

Pig  Iron  produced  in  Ontario 87.004  tons. 

Steel  "  "         15.229 

Pig  Iron         "  Canada 265,418 

Steel  "  "       232,641 
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6)  Dominion  bounty  on  steel,  $3  per  ton;  $2  per  ton  on  steel  from  foreign  ores. 

'7;  Letter  from  Mr.  J.  A.  Currie. 

(8)  Letter  from  Mr.  A.  C.  Adams,  Midland. 
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On  the  eastern  seaboard  of  the  Dominion  are  situated  the  works 
of  the  Dominion  Iron  and  Steel  Company,  begun  in  1899.  Coal  and  lime- 
stone are  found  comparatively  near  at  hand,  the  farthest  afield  mine 
from  which  the  coal  supply  is  drawn  being  twenty-five  miles  distant,  while 
the  nearest  one  is  six  miles.  Nearly  all  the  iron  ore  at  present  used  is 
brought  from  mines  owned  by  the  company  on  Great  Belle  Island  in  Con- 
ception Bay,  Newfoundland,  some  400  miles  from  Sydney.  This  mine  is 
estimated  to  contain  28  million  tons  of  available  ore,  Resides  areas  under 
the  sea,  which  are  believed  to  be  very  extensive.  Analyses  of  the  ore 
show  it  to  contain  fifty  per  cent,  of  iron,  little  sulphur,  but  rather  too  much 
silica,  aluminium,  and  phosphorus.  The  result  is  a  pig  iron  too  high  in 
phosphorus,  but  during  the  subsequent  conversion  of  the  pig  into  steel 
in  open-hearth  furnaces,  this  impurity  is  eliminated,  and  a  fine  quality  of 
steel  produced.  For  the  best  kind  of  pig  iron,  it  is  necessary  to  mix 
other  ores  with  it,  and  for  this  purpose  Cuban,  Spanish,  and  Swedish  ores 
are  used,  the  result  being  a  low  phosphorus  pig.  Indications  of  large  de- 
posits of  high-grade  ores  have  been  found  both  in  Nova  Scotia  and  Cape 
Breton,  which,  when  fully  developed,  will  in  a  great  measure  replace  the 
foreign  ores. 

Limestone  is  obtained  from  the  company's  quarries  at  the  Bras  d'Or 
Lakes,  about  eighty-five  miles,  by  water,  from^he  works.  It  is  a  stone  of 
good  quality,  and  is  found  in  large  deposits ;  it  acts  well  with  the  Newf ound- 
land  ore  and  the  Cape  Breton  coke8  bUm  The  works  contain  four  blast-furn- 
aces capable  of  yielding  1,000  tons  of  pig  iron  per  day;  the  furnace  gases  are 
utilized  also  to  the  utmost,  being  used  to  heat  the  blast  and  also  to  raise 
steam.  The  iron  produced  is  partly  cast  into  pigs  and  in  part  conveyed 
in  a  molten  condition  direct  to  the  open-hearth  furnaces,  where  it  is  con- 
verted into  steel.  Of  these  there  are  ten  in  number  of  the  H.  H.  Campbell 
type  of  tilting  basic  open-hearth  furnaces,  having  a  capacity  of  fifty  tons 
each.  A  very  complete  arrangement  of  testing  the  steel  at  intervals  is  in 
vogue,  and  of  stamping  each  ingot  with  special  marks  so  that  the  consumer 
can  ascertain  from  the  company  at  any  time  every  particular  regarding 
the  analysis  and  making  of  the  piece. 

The  gases  produced  in  the  coke  ovens  are  used  in  the  opening 
hearth  furnaces,  the  other  bye-products,  namely,  coal-tar  and  ammonia, 
being  also  collected.  The  ammonia  is  converted  into  sulphate  of  ammon- 
ium by  neutralizing  it  with  sulphuric  acid — which  can  be  obtained  from  the 
pyrites  separated  from  the  coal  in  the  preliminary  grinding  and  washing 
processes  to  which  it  is  subjected,  and  is  principally  exported  to  the 
United  States,  the  West  Indies,  and  Glasgow. 

(8  bis.)  The  daily  shipment  is  1,500  tons. 
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Canadian-made  steel  is  largely  exported  to  the  United  States  from 
where  it  returns, to  this  country  in  the  form  of  rails  and  other  finished 
products;  but  it  is  intended  that  this  feature  of  the  steel  industry  will 
shortly  be  transferred  to  Canadian  territory.  Sydney  is  extremely  well 
situated  as  a  seaport,  being  nearer  to  England  than  is  New  York,  and, 
strange  as  it  may  appear,  to  the  ports  of  South  America  and  South  Africa.9 
As  far  as  the  geographical  position  is  concerned,  therefore,  Sydney  pos- 
sesses many  advantages,  while  the  masterly  and  liberal  way  in  which 
the  iron  and  steel  industry  has  been  organized  and  developed,  points  to  a 
bright  future  for  it  in  Canada.10 

A  new  plant  has  been  erected  near  North  Sydney  by  the  Nova  Scotia 
Steel  Company,  who  have  at  present  works  at  Ferrona,  with  a  limited 
supply  of  ore  near  at  hand.  Hence  they  import  largely  from  New- 
foundland. Their  steel  works  are  at  present  at  New  Glasgow,  but  a  new 
plant  is  under  construction  at  Sydney  (1903),  Their  output,  which  is 
sold  almost  exclusively  in  Canada,  approximates  100  tons  of  pig-iron 
per  day  and  the  same  amount  of  steel.10  Wi- 

I  Copper. 

■ 

The  production  of  refined  copper  can  hardly  be  classed  among  the 
chemical  industries  of  the  Dominion,  as  practically  only  the  first  stage 
in  its  extraction  of  the  metal  is  reached,  namely,  the  making  of  copper 
matte,  which  is  exported  to  the  United  States  to  be  refined.  As  will  be 
seen  below,  however,  the  refining  of  this  metal  is  now  being  carried  on  in 
British  Columbia. 

Copper  ores  occur  in  great  abundance,  and  constitute  one  of  the  most 
important  mineral  resources  of  the  country.  These  are  distributed  over 
large  tracts  in  Ontario,  Quebec,  Nova  Scotia,  and  New  Brunswick.  The 
deposits  consist  of  native  copper  and  sulphides,  the  former  confined  prin- 
cipally to  the  Lake  Superior  region,  the  latter  being  more  widely  diffused, 

Miles. 

(9)  Sydney  Harbour  to  Liverpool  (via  South  of  Ireland) 2,307 

New  York  Harbour  to  Liverpool 3,110 

Sydney  Harbour  to  Pernambuco 3,567 

New  York  Harbour  to  Pernambuco 3,696 

Sydney  Harbour  to  Cape  Town 6,467 

New  York  Harbour  to  Cape  Town 6,787 

These  figures  were  supplied  to  me  by  Mr.  Watson  Griffin,  who  obtained  them  from  Captain  W.  H. 
Smith,  R.N.R. ,  Halifax.  The  distances  from  New  York  were  compiled  by  the  United  States  Commission 
of  Navigation. 

(10)  Mr.  Watson  Griffin,  who  kindly  supplied  me  with  material  from  which  the  above  description 
of  the  Sydney  operations  was  written,  mentioned  also  that  a  leading  Scottish  iron  and  steel  mag- 
nate told  him  that,  everything  considered,  Sydney,  in  regard  to  raw  materials,  nearness  to  the  mark 
and  the  excellent  equipment  it  possessed,  would  be  the  finest  steel  manufactory  in  the  world.  Watson 
Griffin.  "Dominion  Steel  and  Coal  Co.,  Sydney;"  Montreal,  1902.  Watson  Griffin,  "The  Front  Door 
of  Canada;"  Montreal,  1899. 

(10  bit.)  The  production  of  pig  iron  in  1903  amounted  to  265.418  tons,  as  compared  to  47.000  tons 
in  1893,  while  the  proportion  of  the  home  product  to  the  total  consumption  of  pig  was  76  per  cent,  in  1903 
as  compared  with  42  per  cent,  in  1893. 
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but  notably  in  the  Sudbury  region,  Ontario,  where  it  occurs  with  nickel. 
The  production  of  copper,  other  than  the  native  copper  near  Lake  Superior, 
is  dependent  for  the  most  part  on  that  of  this  latter  metal. 

The  British  Columbia  Copper  Company  is  now  turning  out  about  seven 
million  (7,000,000)  pounds  of  copper  a  year  and  has  an  excellent  converter 
plant  at  its  mine.  This  copper  is  produced  at  a  cost  of  about  9^  cents  a 
pound.  The  product  from  the  converter  is  blister  copper  and  is  sent 
to  New  York  to  the  Nicholls  Chemical  Company  to  be  refined.  The  Mon- 
treal and  Boston  Copper  Company  is  now  producing  about  3,000,000  pounds 
of  copper  and  is  selling  its  matte  to  the  British  Columbia  Company.  The 
Granby  Company  is  producing  about  15,000,000  pounds  of  copper  a  year, 
at  a  cost  of  around  9^  cents,  laid  down  in  new  York.11 

Some  idea  of  the  advances  made  in  the  production  of  copper  matte 
may  be  had  from  the  fact  that  in  1893  the  production  amounted  to  8,000,- 
000  pounds,  while  1903  showed  an  output  of  43,000,000  pounds.11  **•• 

Mr.  A.  P.  Turner  of  the  Canadian  Copper  Company  at  Copper  Cliff, 
Ontario,  has  furnished  some  interesting  particulars  regarding  the  pro- 
duction of  copper  as  carried  on  at  the  works  of  this  company,  which  con- 
trols about  20,000  acres  of  mineral  lands  in  the  nickel  district  extending 
from  Garson  Township  in  the  District  of  Nipissing,  south-west  to  Drury 
Township  in  the  District  of  Algoma,  in  the  Province  of  Ontario.  The 
company  began  operations  in  1887,  and  at  present  is  mining  and  smelting 
about  700  tons  of  ore  per  day.  The  ore  is  a  mixture  of  nickelif erous  pyrrho- 
tite,  pentlandite,  chalcopyrite  and  diorite.  The  nickel  in  this  pyrrhotite 
replaces  about  two  to  four  per  cent,  of  the  iron.  Copper  occurs  in  the  form 
of  copper  pyrites.  The  ore  contains  no  arsenic  or  antimony,  but  small 
traces  of  gold,  platinum  and  palladium.  An  average  assay  of  the  different 
mines  is  about  two  per  cent,  copper  and  four  per  cent,  nickel. 

The  company  has  designed  and  just  finished  at  Copper  Cliff,  a  new 
smelting  and  power  plant,  in  which  are  combined  the  latest  and  best  im- 
provements in  the  smelting  world.  There  are  larger  plants,  but  it  is  doubt- 
ful if  there  is  another  in  which  are  assembled  so  many  up-to-date  conven- 
iences for  every  part  of  the  work. 

Nickel. 

The  first  discovery  of  nickelif  erous  deposits  was  made  in  1883  near 
Sudbury,  in  the  district  of  Algoma,  Ontario.  Previous  to  the  discovery 
of  nickel  in  this  country,  the  French  colony  at  New  Caledonia  practically 

(11)  Letter  from  Mr.  F.  P.  Clappison. 
(11  bit.)  Statistical  Year  Book,  1903. 
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contributed  the  world's  supply  of  the  metal,  though  supplemented,  in  a 
small  degree,  by  the  Gap  Mine  in  Pennsylvania,  and  by  a  few  isolated  mines 
in  Norway  and  Hungary.  Professor  Coleman12  states  that  the  Sudbury 
ores  consist  of  a  mixture  of  pyrrhotite  (magnetic  pyrites)  and  copper 
pyrites,  and  in  this  resemble  the  gold  ores  of  Rossland.  In  order  to  obtain 
the  metal  the  ore  is  smelted  into  a  matte,  containing  from  twelve  to  twenty 
per  cent,  of  nickel  and  about  the  same  amount  of  copper,  is  ' '  Bessemerized  " 
into  a  regulus  containing  about  forty  per  cent,  of  nickel  and  is  shipped 
to  Clydach  in  Wales,  where  its  nickel  content  is  extracted  and  refined  by 
the  process  invented  by  Dr.  Ludwig  Mond,  F.R.S.,  and  which  bears  his 
name.  The  chemical  principle  on  which  this  process  is  based  is  the  form- 
ation, at  temperatures  of  about  500  C,  of  a  volatile  colourless  gaseous  com- 
pound of  nickel  and  carbon  monoxide  of  composition  N14CO,  which, 
on  being  subjected  to  a  temperature  of  1800  C,  decomposes,  leaving  metal- 
lic nickel  and  liberating  the  carbon  monoxide.  The  product  thus  obtained 
contains  between  99.4  and  99.8  per  cent,  of  nickel.  The  Mond  Nickel 
Company  is  the  only  company  refining  nickel  within  the  British  Empire, 
and  it  is  interesting  to  note  that  at  the  recent  St.  Louis  Exhibition  Dr. 
Mond  was  awarded  the  gold  medal  for  his  process,  the  company  receiving 
a  similar  honour  struck  in  silver.13  Nickel  from  Canadian  ores  is  now  being 
used  in  the  manufacture  of  armour  plate  in  constructing  ships  for  His 
Majesty's  navy. 

What  is  known  as  the  Orford  or  alkaline  sulphide  process  of  refining 
nickel  is  the  one  by  which  the  Canadian  Copper  Company's  mattes  are 
treated  at  Constable  Hook,  N.J.,  by  the  Orford  Copper  Company.  As  this 
company  (now  forming  part  of  the  International  Nickel  Company)  is  the 
chief  producer,  the  bulk  of  the  nickel  ores  of  Ontario  are  refined  by  the 
Orford  process.  An  electrolytic  refinery  erected  by  the  Canadian  Copper 
Company  at  Cleveland,  Ohio,  was  operated  for  a  short  time  only,  but  shut 
down  in  1902. 14 

The  Orford  Copper  Company  is  also  producing  palladium.  This 
metal  belongs  to  the  platinum  group,  and  is  found  associated  with  it. 
The  Sudbury  ores  are  said  to  contain  from  one  tenth  of  an  ounce  to  one 
ounce  per  ton,  and  Dr.  Joseph  Wharton,  in  an  article  recently  published 
14  w»,  prophesies  a  future  production  of  palladium  from  these  deposits. 
Palladium  is  an  interesting  metal,  not  only  from  the  chemist's  point  of 
view,  but  also  from  an  industrial  one,  as  its  physical  properties,  hardness, 
etc.,  and  the  difficulty  with  which  it  is  attacked  and  tarnished  at  atmos- 

(12)  8th  Report  of  Bureau  of  Mines,  Ontario,  page  106. 

(13)  A  full  account  of  the  Mond  Nickel  Process  will  be  found  in  the^th  Report,  Bureau  of  Mines* 
Ontario. 

(14)  Letter  from  Mr.  T.  W.  Gibson,  Director  of  the  Bureau  of  Mines,  Ont. 
(14  bu.)  "Hardware  and  Metal."  Deo.  3rd,  1904. 
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pheric  temperatures,  render  it  eminently  suitable  for  replacing  silver  as  a 
reflecting  surface  on  optical  instruments,  for  plating  the  finely  cut  scales 
on  instruments  of  precision  and  for  alloys. 

Aluminum. 

The  extraction  and  refining  of  aluminum  has  in  recent  years,  owing 
to  the  advent  of  electricity  developed  from  cheap  water  power,  become  an 
important  industry.  At  Shawinigan  Falls,  Quebec,  are  situated  the 
Canadian  works  of  the  Northern  Aluminium  Company,  a  sub-company 
of  the  Pittsburgh  Reduction  Company,  which  also  has  two  large  factories 
at  Niagara  Falls,  N.Y.  The  raw  material,  bauxite,  is  obtained  from  Ala- 
bama, Arkansas  and  Georgia,  in  the  United  States.  The  process  employed 
is  the  Hall15  process,  and  is  a  combined  electrolytic  and  electric  furnace  one. 
The  native  aluminum  hydroxide  is  first  purified  by  mixing  with  sufficient 
carbon  to  reduce  all  impurities  in  it  to  the  metallic  state,  the  resulting  iron, 
mixed  with  titanium  and  silicon,  forming  a  slag  after  melting  the  mass  in  an 
electric  furnace.  An  alternating  current  of  low  voltage  is  used,  and  the 
purified  alumina  separates  out  above  the  slag  in  an  almost  chemically 
pure  condition.  The  alumina  thus  purified  is  then  electrolyzed  in  a  bath 
containing  cryolite  at  a  temperature  of  from  8500  to  9000  C.  The  action 
of  the  current  sets  free  aluminum  and  oxygen,  the  latter  uniting  with  the 
carbon  anodes  to  form  carbonic  oxide.  The  metal  is  run  into  rough  ingots 
weighing  twenty  pounds  each,  and  is  stated  to  contain,  on  an  average, 
99.5  per  cent,  of  aluminum.16  The  principal  portion  of  the  product  at 
Shawinigan  is  shipped  in  the  form  of  ingots,  although  there  is  in  addition 
a  wire  mill  where  aluminum  wire  and  cable  for  electrical  conductors  are 
made. 

The  production  of  the  Quebec  works  is  probably  9,500  pounds  per 
day,  the  value  in  1902  being  approximately  $  1,043, 2 50. 17  It  maY  safely 
be  said  that  the  three  works  of  this  company  between  them  produce  one- 
half  of  the  world's  supply. 

Lead  and  Silver. 

These  metals  are  derived  principally  from  the  mines  of  British  Colum- 
bia, but  there  are  also  deposits  of  galena  along  the  shores  of  Lake  Superior, 
the  ore  from  which  is  sent  to  Niagara  Falls,  N.Y.,  for  reduction.  The 
British  Columbia  ore  is  a  high  grade  one,  carrying  from  25  to  300  ounces 
of  silver  to  the  ton.     At  Trail,  in  British  Columbia,  the  Canadian  Smelt- 

(15)  Dr.  J.  W.  Richards  in  "Electro-Chemical  Industry,"  Oct.,  1002. 

(16)  Ibid,  (average  value  of  product  is  31  cents  per  pound). 

(17)  Canadian  Mining  Rev.,  March,  1003. 
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ing  Works  have  recently  begun  to  produce  commercial  lead,  stated  to  be 
of  99.9  per  cent,  purity,18  by  means  of  the  Bett's  process,  which  is  an 
electrolytic  one. 

The  Hall  Mining  and  Smelting  Works,  whose  Canadian  headquarters 
are  at  Nelson,  British  Columbia,  are  smelting  lead  ores  which  are  obtained 
in  the  Slocan  and  Kootenay  Lakes.  They  employ  blast  furnaces,  a  con- 
siderable portion  of  the  ore  being  first  roasted  in  hand  or  mechanical  fur- 
naces, and  the  product  of  the  latter  briquetted.  The  principal  markets  for 
the  pig  lead  are  the  Orient,  England,  and  Canada,  though  the  home  market 
is  somewhat  handicapped  by  the  present  arrangement  of  duties,  which 
allows  the  importation  of  foreign  corroded  lead  at  a  lower  rate  than  that 
imposed  on  pig-lead.  With  a  revisal  of  the  duties  a  greatly  increased 
development  and  revival  of  the  lead  and  smelting  industries  is 
anticipated.19  bis. 

In  1894  ^e  amount  of  silver  exported,  in  ores,  concentrates,  or 
otherwise,  was  629,655  ounces,  while  in  1901  the  quantity  had  risen  to  over 
4,000,000  ounces.19  Despite  these  figures,  the  Monetary  Times,  Toronto, 
of  date  January  16th,  1903,  says,  "The  silver-lead  production  of  British 
Columbia  is  severely  handicapped  by  the  adverse  competition  of  the 
United  States,  the  European  and  Mexican  products.  The  tariff  is  un- 
favourable ;  a  higher  one  would  be  quite  beneficial  to  the  industry." 

During  the  session  of  1903  the  Parliament  of  Canada  provided  for  the 
payment  of  a  bounty  of  75c.  per  hundred  pounds  on  lead  smelted  in  Canada 
from  Canadian  ores,  the  maximum  amount  of  bounty  payable  in  any  one 
year  being  $500,000,  and  the  rate  subject  to  proportionate  reduction  when 
the  standard  price  of  pig  lead  in  London,  England,  exceeds  £12  10s. 
per  ton  of  2,240  pounds.  This  provision  has  led  to  the  revival  of  silver- 
lead  mining  in  British  Columbia.  A  small  plant  for  smelting  lead  has  been 
erected  at  Bannockburn,  Ont.,  to  be  used  on  the  non-argentiferous  ores 
of  that  locality.19  «•■ 

Arsenic. 

A  not  unimportent  metal  found  in  considerable  quantities  in  Ontario 
is  arsenic;  the  chief  form  in  which  it  occurs  is  arsenical  pyrites  (mispickel), 
which  also  contains  gold.  Its  manufacture  was  begun  by  the  Canadian 
Goldfields,  Limited,  at  their  Delora  Mine,  Hastings  County,  Ontario,  in 
1899.  Attempts  had  been  made,  extending  over  the  previous  twenty 
years  or  so,  to  extract  the  gold  from  the  ore  found  there,  and,  after  the 
mine  had  experienced  some  vicissitudes,  the  present  company  acquired 

(18)  Letter  from  the  Business  Manager,  Hall  Mining  and  Smelting  Co.,  Nelson,  B.C. 
(10)  Statistical  Year  Book  of  Canada,  1901. 
(19  bis.)  Letter  from  Mr.  T.  W.  Gibson. 
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it  and  obtained  the  rights  (1896)  for  Ontario  to  the  Sulman-Tweed  patents 
(bromo-cyanide  process),  working  it  with  only  a  modified  degree  of  success 
for  a  couple  of  years,  when  the  installation  of  improved  machinery  and  the 
adoption  of  a  combination  of  amalgamation  and  leaching  with  bromo- 
cyanide  resulted  in  the  recovery  of  arsenic  from  the  mispickel  concentrates. 
To  accomplish  this  the  concentrates  are  heated  to  a  high  temperature  in 
specially  constructed  cylindrical  revolving  calciners,  and  the  resulting  im- 
pure arsenious  oxide  evolved  is  condensed  in  hermetically  sealed  brick 
chambers.20  The  crude  arsenic  is  refined  by  sublimation,  and  contains  from 
99.6  to  100  per  cent,  arsenious  oxide,  the  main  impurity  being  silica  in  a 
finely  divided  condition.21  It  is  exported  chiefly  to  the  United  States, 
where  it  is  used  for  making  "Paris  Green/ '  etc.  The  output  has  increased 
from  113,477  pounds  in  1899  to  I>347>ooo  pounds  in  1901.21  In  time  and 
with  proper  development  Ontario  should  be  able  to  supply  the  entire  de- 
mand for  arsenic  on  the  continent  of  America. 

Auriferous  mispickel  mines  are  being  opened  up  at  Lake  Temagami, 
and  concentrating  works  are  in  course  of  erection.  The  process  of  refining 
the  arsenic  will  be  an  electrical  one.  The  ores  of  the  Haileybury  region, 
not  far  distant,  discovered  last  year,  contain  60  or  65  per  cent,  of  arsenic, 
but  are  more  valuable  for  their  other  constituents,  including  silver,  cobalt 
and  nickel.19  bis. 

Antimony. 

This  metal  might  almost  be  said  to  occupy  the  position  of  a  bye- 
product  in  the  extraction  of  gold.  At  Rawdon,  in  Nova  Scotia,  the  ore 
(stibnite)  is  auriferous,  and  from  1898  to  1901  no  refined  antimony  was 
produced,  the  stibnite  being  mined  for  the  sake  of  its  more  precious  con- 
tents22. It  is  also  found  in  Quebec,  and  recent  reports  indicate  deposits 
of  ore  in  several  localities  of  Ontario  and  British  Columbia.  The  output  in 
1 89 1  had  fallen  to  $60.     In  1902  the  refining  of  the  metal  was  renewed. 

Gold. 

Gold  is  mined  to  a  small  extent  in  Ontario,  in  Nova  Scotia  and  Quebec. 
Gold  deposits  are  also  found  in  the  Kootenay  district,  B.C.,  in  Cariboo,  B.C., 
and  in  the  Yukon.  In  the  Rossland  district  the  ore  is  a  cupriferous  pyrr- 
hotite  under  a  diorite  cap,  and  from  Trail  on  the  Columbia  River,  where  the 

(20)  C.  Kirkegaard.  in  Eng.  and  Mining  J.,  Jan.  31.  1903. 

(21)  Bureau  of  Mines  Report,  Ontario,  1901. 

(22)  Assays  of  two  ores  give,  according  to  the  Nova  Scotia  Mines  Report,  1901: — 

Xa  XX* 

Per  cent.  Per  cent. 

Antimony 46.75  18.21 

Gold  (os.  per  ton) 2.48  0.23 

Silver  (os.  per  ton) 0.10  0.13 
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ore  is  smelted,  the  gold-copper  matte  produced  is.  shipped  to  Montana 
for  refining  purposes.  There  is  also  a  smelter  at  Nelson  for  the  ore  of  the 
Hall  mine.  The  Yukon  territory  covers  in  a  general  way  the  district  north 
of  Cariboo,  south  of  the  Arctic  Ocean,  and  lying  between  the  Mackenzie 
River  and  the  Alaska-Canada  boundary.  Gold  has  been  known  to  exist 
there  since  1864,  and  has  been  worked  intermittently  since  1873.  Forty 
Mile  River,  a  tributary  of  the  Yukon,  was  discovered  to  carry  coarse  gold 
in  1 886,  and  ten  years  later,  what  is  known  as  the  Klondike,  was  found  to 
contain  gold  also,  It  was  first  discovered  on  Bonanza  and  Eldorado 
creeks,*23  the  news  of  this  discovery  spread  far  and  wide,  and  active  pros- 
pecting was  the  result.  There  are  about  1,400  miles  of  Canadian  Yukon 
streams,  on  all  of  which  gold  can  be  found.  Mr.  Ogilvie,  former  Canadian 
commissioner  in  the  Yukon,  estimates  that  an  area  of  125,000  square  miles 
is  gold  bearing.24  The  former  difficulties  of  reaching  the  Yukon  have  now 
been  overcome ;  a  telegraph  line  has  also  been  laid  by  the  Canadian  Govern- 
ment from  Skagway,  on  the  coast,  to  Dawson.  The  gold  is  found  and 
worked  in  the  gravel  deposits  of  the  valleys  and  on  their  adjacent  slopes, 
and  it  has  been  estimated  that  gold  to  the  value  of  95,000,000  dols.  will 
be  produced  from  these  deposits  in  the  next  few  years.26 

The  gold  fields  of  Nova  Scotia  occupy  the  entire  Atlantic  coast  line, 
and  contain  gold  in  combination  with  sulphides  and  arsenides  of  iron,  but 
mostly  in  the  free  state.  The  following  table  will  best  convey  the  output 
of  gold  from  Canada  and  its  distribution.26 


Ontario 

Saskatchewan,  N.W.T, 

Yukon 

Quebec 

British  Columbia 

Nova  Scotia 

Total 


1892 


1 901 


Dols. 

Dols. 

7,"8 

243,022 

98,006 

15,000 

12,500,00027 

12,887 

3,000 

399,525 

5,596,700 

389,965 

604,500 

907,601 

18,962,222 

The  gold  production  for  the  Yukon  in  1902  was  12,018,561  dols.; 
according  to  the  United  States  Mints  it  was  14,525, 275.28 

The  total  output  of  gold  in  Canada  in  the  years  1893,  1900  and  1903 
amounted  respectively  to  $976,603,  $27,908,153,  and  $18,834,373.  The 
figures  for  1904  are  not  yet  available. 

(23)  "Official  Guide  to  the  Klondike,"  by  William  Ogilvie. 

(24)  Ibid. 

(25)  Report  of  the  Canadian  Commission  in  the  Yukon. 

(26)  Statistical  Year  Books,  1892-1902. 

(27)  Letters  from  Mr.  B.  E.  Walker,  General  Manager,  the  Canadian  Bank  of  Commerce. 

(28)  Letter  from  Hon.  Clifford  Si f  ton,  Minister  of  Interior,  Ottawa. 
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III. — Thb  Manufacture  of  Leather. 

The  manufacture  of  leather  has,  during  the  last  thirty  years,  occupied 
quite  a  prominent  position  in  Ontario  and  Quebec,  and,  during  the  past 
few  years,  through  the  stimulus  from  a  larger  home  market  and  increasing 
sales  to  foreign  markets,  has  grown  greatly.  As  compared  with  a  decade 
ago  the  value  of  the  leather  produced  in  the  country  may  safely  be  said  to 
have  doubled.  There  are  from  eighteen  to  twenty  large  establishments 
in  operation  and  fully  fifty  small  ones.  No  tanning  is  done  in  the  North- 
west Territories,  and  practically  none  in  British  Columbia.  Bark,  chrome, 
and  combination  tanning  methods  are  employed,  the  spent  bark  being 
utilized  in  large  establishments  in  specially  constructed  furnaces.  Though 
the  United  States  may  be  said  to  lead  the  world  in  the  extent  of  leather 
produced,  the  qualitv  of  the  Canadian  product  is  not  surpassed.  The 
Canadian  specialties  are  hemlock  sole  and  harness,  black  and  coloured 
shoe  leathers,  coloured  and  fancy  side  leathers  for  the  bag,  trunk  and 
saddle  trades.     In  Toronto  there  are  several  sheep-skin  tanneries  as  well. 

Speaking  generally  Quebec  supplies  the  cheapest  grades  of  leathers, 
chiefly  black;  Ontario  the  better  finished  lines  both  black  and  coloured. 
A  portion  of  the  American  patterned  machinery  employed  and  formerly 
imported  is  now  being  manufactured  in  the  Dominion,  such  as  bark  mills, 
fleshing  machines,  glazing  jacks,  drums  and  presses ;  but  the  most  expen- 
sive and  elaborate  machinery  is  still  made  in  the  United  States.  The  im- 
port duty  on  machinery  is  25  per  cent.  The  manufacture  of  hemlock  ex- 
tract in  New  Brunswick  has  already  had  a  beginning,  and  will  doubtless 
grow  as  the  prices  of  bark  and  labour  advance. 

IV. — Sulphuric   Acid,  Acetic    Acid,  Wood  Alcohol,  Charcoal  and 

Ammonia. 

The  manufacture  of  commercial  sulphuric  acid  has  not  yet  been 
developed  to  the  extent  that  the  quantity  of  sulphur  found  throughout 
the  Dominion  would  justify.  There  is  enough  sulphur  in  Canada  to  supply 
the  entire  home  market  with  acid  and  even  to  develop  a  considerable  export 
trade.  Only  a  few  firms,  however,  are  engaged  in  the  trade,  and  a  large 
portion  of  their  product  is  used  in  the  refining  of  Canadian  petroleum, 
some  five  million  pounds  bsing  annually  consumed  for  this  purpose.  Que- 
bec, Ontario,  and  British  Columbia  are  each  represented  in  the  acid  indus- 
try. It  is  probable  that  the  construction  of  electrolytic  lead  smelters 
will  lead  to  the  sulphur  dioxide  obtained  from  the  galena  being  made  into 
sulphuric  acid,  as  is  done  at  the  Electric  Lead  Reduction  Company's  works 
at  Niagara  Falls,  N.Y.,  where,  it  is  stated,  the  sulphuric  acid  produced 
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yields  a  financial  return  sufficient  to  cover  the  entire  cost  of  the  process. 
At  London,  Ontario,  the  Canada  Chemical  Manufacturing  Company 
turns  out  about  fifteen  tons  of  sulphuric  acid  per  day ;  brimstone,  imported 
from  the  States,  is  used,  and  is  preferred  to  the  Sicilian  sulphur.  This 
company  does  not  use  pyrites  on  account  of  the  arsenic  it  contains.  The 
process  employed  is  the  chamber  one,  indeed,  as  far  as  the  writer  knows, 
the  "contact"  process  has  not  yet  been  tried  in  Canada.  Sulphuric  acid 
is  used  by  many  manufacturers,  such  as  tack,  screw,  nail,  leather  and  fer- 
tilizer makers,  wholesale  druggists,  dyers  and  oil-refiners. %  Phosphates 
of  calcium  and  sodium  are  also  made  by  this  company,  native  phosphates 
and  the  animal  charcoal  (bone  black)  rejected  by  sugar  refiners  serving  as 
sources  of  phosphorus.  The  acid  phosphate  of  calcium  is  employed  in  the 
baking-powder  trade  instead  of  cream  of  tartar,  and  is  claimed  to  be  less 
costly,  to  keep  better,  and  to  restore  to  the  flour  the  phosphates  which,  by 
the  modern  methods  of  milling,  have  been  removed  from  the  wheat. 

Sulphites,  bisulphites,  crude  acetic  acid  from  the  grey  acetate  of  lime, 
chlorides  of  zinc  and  iron  and  Glauber's  salts  are  likewise  made. 

By  the  destructive  distillation  of  wood,  acetic  acid,  wood  alcohol  and 
charcoal  are  obtained;  hence  Canada,  with  its  enormous  sup"ply  of  wood 
of  all  kinds,  should  be  able  to  take  a  prominent  place  in  the  production 
of  acetic  acid  and  wood  spirit.  At  the  present  time  the  residual  charcoal 
from  the  retorts  does  not  find  a  ready  market,  owing  to  the  comparatively 
high  rates  for  transport  as  compared  with  other  fuels,  weight  for  weight. 
The  outlook  in  this  direction  is,  however,  brightening.  Among  the  firms 
engaged  in  this  manufacture  might  be  mentioned  the  Standard  Chemical 
Company,  with  plants  at  Fenelon  Falls,  Deseronto  and  Longford,  Ontario, 
and  Cookshire,  Quebec;  the  Canada  Paint  Company,  Montreal  and  Toronto; 
and  the  Lake  Superior  Power  Company,  which  is  said  to  have  the  largest 
retort  plant  in  the  world.  Very  keen  competition  has  to  be  faced  in  this 
connection  with  the  United  States,  as  a  combination  of  some  175  manu- 
facturers practically  controls  the  market.  The  crude  acetate  of  lime  pro- 
duced in  the  distillation  process  is  converted  into  acetic  acid,  some  of  which 
is  sold  for  dye  and  colour-making  purposes,  while  a  considerable  portion 
is  exported  to  Europe  and  Australia. 

The  wood  alcohol,  obtained  at  the  same  time  as  the  acetic  acid,  sup- 
plies the  home  market  and  is  also  exported  largely  to  Great  Britain,  France, 
Germany,  Holland,  Japan,  and  Australia.  It  may  be  of  interest  to  know 
that  timber  is  imported  from  Canada  by  makers  of  wood  alcohol  in  the 
United  States.29 


(29)  Mr.  Webster,  of  the  Standard  Chemical  Oo. 
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The  total  production  of  ammonia  from  all  the  gas  liquors  obtained  in 
the  destructive  distillation  of  coal  throughout  the  Dominion  is,  the  writer 
is  informed  by  Mr.  J.  G.  Harvey  of  Toronto,  about  235,000  pounds  of  a  2 8° 
Beaume*  solution.  As  this  quantity  is  in  excess  of  what  is  required  to 
supply  the  Canadian  market  by  some  100,000  pounds,  that  amount  is 
exported  to  the  States.  Besides  the  numerous  trade  preparations  of  am- 
monia used  for  household  and  other  purposes,  "aqua  ammonia' '  and  an- 
hydrous liquid  ammonia  are  the  two  principal  forms  in  which  it  is  prepared. 
The  process  consists  in  mixing  milk-of-lime  in  suitably  constructed  vessels 
with  the  ammoniacal  gas  liquor,  agitating  and  heating  with  steam  and  con- 
ducting the  liberated  ammonia  through  more  milk-of-lime,  through  a 
drip-tank  and,  in  succession,  through  oil,  charcoal  purifiers,  caustic  alkali 
and  finally  to  tanks  of  distilled  water  kept  cool  by  running  water,  where- 
the  gas  is  absorbed  and  the  ammonia  of  commerce  thus  obtained.  Manu- 
facturers claim  that  the  amount  of  water  required  to  be  used  during  the 
process  reduces  the  profits  considerably,  as  the  gas-liquors  are  of  a  poor 
quality,  seldom  exceeding  i£%°  Twaddle.  Anhydrous  ammonia  is  pro- 
duced from  the  "aqua  ammonia' '  by  a  series  of  fractional  distillations,  is 
liquefied  by  pressure  and  stored  in  hundred  pound  welded  iron  cylinders. 
It  contains  99  per  cent,  liquid  NH3,  and  finds  its  principal  use  as  a 
refrigerant. 

V. — Soap  and  Glycerine. 
Soap. 

The  soap  industry  in  Canada  is  growing  rapidly;  at  the  present  time 
,some  fifteen  large  concerns  are  in  operation,  employing  in  all  about  2,000 
hands.  A  branch  of  the  well-known  firm  whose  headquarters  are  at 
Port  Sunlight  near  Liverpool,  was  recently  started  in  Toronto,  with  an 
annual  capacity  of  10,000  tons.  Their  products  are  similar  to  those  made 
at  their  other  works,  and  their  raw  materials  are  procured  from  Africa, 
the  United  States,  and  locally  (tallow).  They  own  islands  in  the  Pacific 
from  which  they  import  cocoanut  oil. 

Many  other  firms  are  also  manufacturers  on  a  large  scale  and  produce 
all  grades,  from  the  cheapest  textile  and  laundry  soaps  to  the  finer  quali- 
ties of  toilet  soaps.  Great  advances  have  taken  place  in  the  industry  during 
the  past  ten  years,  particularly  in  the  making  of  the  latter.  The  same 
system  of  manufacture  obtains  in  England.  The  raw  materials  are  mainly 
^cocoanut  oil,  palm  oil,  and  tallow,  the  first  two  in  a  large  measure  super- 
seding the  last  mentioned.  The  market  for  Canadian  made  soap  is  limited, 
the  home  market  is  supplied  and  a  large  export  trade  is  done  with  the  West 
Indies  and  Australia.    The  competition  of  the  United  States  is  felt  more 
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than  that  of  England  or  France.     In  1902  the  value  of  the  soap  pro- 
duced was  approximately  $3, 000,00a30 

Glycerine. 

This  necessary  bye-product  in  the  manufacture  of  soap  is  refined  in 
some  cases  by  the  producers  themselves;  others  sell  it  to  firms  engaged 
more  particularly  in  the  refining  trade.  Among  these  might  be  mentioned 
the  St.  Henri  Chemical  Company,  of  Montreal,  who  buy  waste  lyes  from 
the  soap  manufacturers,  recover  the  salt  from  the  lye,  refine  the  glycerine, 
and  sell  to  the  makers  of  nitro-glycerine.  The  capacity  of  these  works 
is  10,000,000  pounds  of  waste  lye  yearly.31 

VI. — Repined  Chemicals  and  Drugs. 

There  are  very  few  makers  of  refined  chemicals  in  the  Dominion. 
The  small  demand  for  pure  chemicals  is  mainly  accountable  for  the  lack 
of  local  manufacturers,  the  market  being  necessarily  a  small  one,  and  most 
buyers  of  pure  chemicals  for  laboratory  uses  are  apt  to  demand  articles 
of  the  make  of  one  or  other  of  the  large  and  old  established  German  or 
English  houses.  One  can  hardly  doubt  but  that  the  Canadian  maker 
must  desire  a  higher  tariff  on  imported  material.  Of  heavier  chemicals, 
however,  the  Canadian  Process  Co.  has  recently  begun  the  manufacture 
and  the  work  is  proving  very  successful:  Such  products  are  bisulphite* 
sulphide,  thiosulphate  (hyposulphite),  sulphite  and  sulphate  of  soda,  lime, 
and  zinc  salts,  lactic  acid,  casein,  etc.  Messrs.  Lyman  Bros,  and  Company 
are  continuing  to  extend  along  the  lines  of  refined  chemicals,  their  gold  and 
silver  salts  being  much  in  demand.  Along  with  these  they  produce  and 
refine  such  high  grade  chemicals  as  chloroform,  ether,  iodide  of  potassium, 
bromides,  scale  preparations,  iron  and  zinc  salts,  acids  of  phosphorus, 
syrups,  tinctures,  and  flavouring  extracts.  Most  of  the  raw  materials  are 
imported.  In  the  drug  department  this  firm  has  probably  the  best  grind- 
ing machinery  in  Canada,  where,  besides  their  own  work,  they  do  a  consider- 
able amount  of  grinding  for  other  firms.  In  the  strictly  pharmaceutical 
business,  Messrs.  Parke,  Davis  and  Company,  Walkerville;  H.  K.  Wam- 
pole,  Toronto;  F.  Stearns,  Windsor;  and  John  Wyeth  and  Bro.,  Montreal, 
have  manufacturing  establishments.  Recently  the  brand  "Made  in 
Canada' '  has  been  much  in  evidence,  and  many  buyers  prefer  such  goods, 
even  if  they  are  slightly  more  expensive,  to  the  imported  article. 

A  few  years  ago  the  Liquid  Carbonate  Company  of  Toronto  conimencea 
the  manufacture  of  carbon  dioxide  on  a  commercial  scale,  and  is  now 

(30)  Mr.  Knight,  of  the  Sunlight  Soap  Co. 

(31)  Letter  from  the  President  of  the  Company. 
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producing  some  two  tons  a  day.  The  methods  employed  for  obtaining  the 
gas  are  from  the  action  of  an  acid,  such  as  sulphuric  acid,  on  chalk,  dolomite 
or  sodium  carbonate,  and  by  the  combustion  of  coke,  while  it  is  also  got 
as  a  bye-product  from  the  fermentation  vats  in  breweries.  The  gas,  after 
being  washed  and  purified,  is  compressed,  cooled,  and  in  liquid  form 
is  forced  into  steel  cylinders  at  a  pressure  of  from  sixty  to  eighty  atmos- 
pheres. (The  cylinders  are  tested  to  a  pressure  of  over  two  hundred 
atmospheres).  This  liquid  gas  finds  a  market  from  the  Atlantic  to  the 
Pacific,  and  is  used  for  aerating  mineral  and  artificial  waters,  for  forcing 
beer  from  barrels  in  the  cellar  to  a  higher  level,  and  at  the  same  time  pre- 
serving it  from  deterioration.  It  is  also  used  in  the  refining  of  sugar,  as  a 
motive  power  in  spraying  trees  with  a  germicidal  solution,  and  in  the 
laboratory  for  producing  low  temperature  mixtures.  Numerous  useful 
bye-products  are  a  consequence  of  the  process  of  production  of  carbonic 
acid,  such  as  fine  clay  used  by  paper-makers,  Epsom  salts  and  Glauber's 
salts — all  of  which  are  employed  in  many  industries  and  command  a  ready 
sale. 

VII . — Fertilizers. 

Mineral  phosphates,  in  the  form  of  apatite,  are  found  in  the  Ottawa 
Valley,  Ontario,  but  the  deposits  have  not  been  worked  for  several  years. 
About  1 89 1,  in  which  year  the  phosphates  mined  were  valued  at  $50,000, 
a  falling  off  began  in  the  output  of  this  mineral,  which  continued  up  to 
1902,  when  the  amount  mined  was  hardly  worth  recording.  This  industry 
is  on  the  increase  again,  however,  and  last  year  saw  a  production  valued 
at  some  $8,000.  This  state  of  affairs  has  been  brought  about  mainly  by 
the  large  supply  of  easily- worked  phosphates  found  in  Florida  and  Carolina, 
U.S.A.,  much  of  which  is  obtained  by  dredging.  It  may  be  mentioned, 
however,  that  a  certain  amount  of  apatite  is  made  use  of  in  the  Province 
of  Quebec  by  the  Buckingham  Electric  Reduction  Company,  who  manu- 
facture phosphorus  therefrom.32 

Sulphate  of  ammonia  is  manufactured  at  the  works  of  the  Dominion 
Iron  and  Steel  Company,  Sydney,  N.S.,  whose  products  are  supplied  to 
dealers  and  others  engaged  in  the  fertilizer  business.  The  ammoniacal 
liquors  of  the  Quebec,  Ottawa  and  Toronto  Gasworks  are  worked  up  at 
the  latter  city  by  the  Michigan  Ammonia  Company.33  In  Montreal,  one 
firm  at  least,  makes  sulphate  of  ammonia,  and  at  one  time  the  gas  works 
there  utilized  their  own  liquors  for  its  production.  Latterly,  however, 
the  gas  liquor  was  exported,  to  be  dealt  with  by  a  firm  in  the  United  States. 

Quite  a  number  of  other  fertilizers  are  produced  in  the  Dominion  from 


(32)  Minerals  of  Quebec:    published  by  the  Provincial  Government. 

(33)  Letter  from  Mr.  Macfarlane,  Chief  Analyst  to  the  Inland  Revenue  Department.  i       ^ 
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refuse  matter,  such  as  blood,  tankage,  bones,  and  offal,  besides  natural 
phosphates.  Ontario,  New  Brunswick,  Quebec,  Nova  Scotia,  Prince 
Edward  Island,  and  British  Columbia,  all  produce  fertilizers,  more  or  less.34 

VIII. — Coal-Tar  and  Asphalt. 

Very  little  tar  distillation  is  carried  on  in  the  Dominion,  owing  mainly 
to  the  tar  produced  in  the  gasworks  being  too  thick  for  treatment  with 
any  degree  of  success.  It  is  mainly  used  for  saturating  paper,  which  is 
employed  largely  as  a  waterproofing  material  by  builders.  Some  is  boiled 
down  into  pitch,  but  about  one  half  of  the  tar  produced  is  exported  ^to  the 
United  States.  There  is  a  small  distilling  plant  at  Hamilton,  Ontario, 
which  the  writer  understands,  was,  up  to  eighteen  months  ago,  the  only 
one  of  its  kind  from  which  coal-tar  oils  were  produced  in  Canada.  The 
Dominion  Iron  and  Steel  Company  at  Sydney  obtain  a  considerable  quan- 
tity of  coal  tar  from  their  coke-ovens.  This,  at  one  time,  found  a  market 
in  the  States,  in  Montreal  and  other  points  in  Canada,  but  recently  arrange- 
ments were  made  w  th  an  English  chemical  company  to  locate  at  Sydney 
with  a  view  to  utilizing  all  the  coal-tar  produced  from  the  coke-ovens.  The 
works,  which  are  one  of  the  largest  on  the  continent,  are  now  in  operation 
and  doing  a  large  business  in  Canada,  Europe  and  the  United  States;  the 
demand  for  the  company's  products  in  Canada  is  not  sufficient,  hence  the 
European  and  American  exports.  The  present  products  are  pitch  and 
the  various  grades  of  benzol,  creosote-oil  and  carbolic  acid.35  Large  exten- 
sions are  looked  for  from  this  company,  which  will  be  guided  by  the  motto 
festina  lente,  and  as  opportunity  offers,  will  branch  into  the  production 
of  other  commercial  commodities  arising  out  of  coal-tar  and  its  distillation 
products. 

Asphalt. 

Asphalt  occurs  naturally  in  several  varieties  as  albertite,  found  in 
King's  and  Albert  Counties,  N.B.,  and  as  maltha,  one  of  the  stiffer  petrol- 
eum compounds,  which  is  not  of  much  importance  however,  being  almost 
too  hard  for  use  in  street  paving.  Up  to  1898,  albertite  was  employed  in 
gas-making,  and  much  of  it  was  shipped  to  the  United  states;  but  the 
original  supply  is  now  exhausted. 

IX. — Calcium  Carbide,  Carborundum,  Corundum,  and  Graphite. 

Calcium  Carbide. 

The  product!on  of  this  substance  on  a  manufacturing  scale  dates  back 
only  to  the  year  1891,  when  Mr.  T.  L.  Willson,  of  the  Willson  Aluminum 

(34)  Inland  Revenue  Bulletin.  No.  81,  1902. 

(35)  Letter  from  Mr.  John  Craven,  Sydney,  2nd  Feb.,  1905. 
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Works,  at  Spray,  N.C.,  accidentally  obtained  carbide  whilst  trying  to 
reduce  lime  by  carbon  in  the  electric  furnace.  Instead  of  metallic  calcium 
resulting — which  was  to  be  employed  in  preparing  aluminum — a  hard, 
almost  black,  substance  was  got  which  reacted  violently  with  wafter, 
giving  lime  and  an  inflammable  gas  clearly  recognizable  as  acetylene.  The 
author  was  privileged,  through  the  courtesy  of  Lord  Kelvin,  to  have  at 
one  time  in  his  possession  some  pieces  of  the  first  carbide  made  by  Mr. 
Willson  at  Spray.  Acetylene  being  a  powerful  illuminating  agent  and 
readily  obtained  from  carbide,  the  development  of  the  carbide  industry 
on  a  commercial  scale  followed  this  discovery  as  a  natural  consequence. 
The  industry  has  progressed  by  leaps  and  bounds  during  the  past  decade, 
in  Europe  even  to  the  extent  of  over-production.36  Two  carbide  works 
are  in  operation  in  Canada  using  water  as  their  source  of  power,  the 
Ottawa  Carbide  Company,  and  another  important  company  is  the  Shaw- 
inigan  Carbide  Company  of  Shawinigan  Falls,  Quebec.  The  process  of 
manufacturing  consists  in  fusing  together  burned  lime  and  ground  coke 
in  the  electric  furnace;  the  temperature  required  is  not  so  high  as  that 
needed  in  other  operations  for  which  the  electric  furnace  is  employed, 
notably  the  making  of  carborundum  and  graphite.  The  reaction  taking 
place  in  the  furnace  results  in  a  transference  of  the  oxygen  of  the  lime  to  a 
portion  of  the  carbon  with  the  formation  of  carbon  monoxide  and  carbide 
of  calcium.  .  • 

The  present  market  value  of  carbide  affords  considerable  profit 
to  its  manufacturers,  and  the  increasing  popularity  of  acetylene 
as  an  illuminant  ensures  a  brighter  future  for  the  industry.  In  Ontario . 
several  towns  have  already  had  acetylene  installed  for  house  and  street 
lighting,  the  gas  being  generated  at  a  central  station  and  distributed  in 
pipes  to  the  consumers.37  At  the  generating  station  the  gas  is  purified 
by  a  special  process  before  use,  which  obviates  all  the  disadvantages  in- 
separable from  the  employment  of  small  generators — automatic  or  other- 
wise— by  individuals,  who  in  most  cases  have  neither  the  time  nor  the 
scientific  skill  necessary  for  the  proper  production  of  the  gas,  simple  as  it 
may  appear  at  first  sight. 

Carborundum. 

Ten  years  ago  the  very  name  "carborundum"  was  unknown;  it  is 
due  entirely  to  the  advance  made  in  the  development  of  electrical  power, 
obtained  from  the  immense  waterfalls  of  the  American  continent,  that 
this  as  well  as  other  materials  are  now  in  daily  use  throughout  the  world. 

(36)  Italy  alone  possesses  enough  carbide  plants  to  supply  the  whole  of  Europe.     Dr.  J.  W 
Richards,  in  T*  Electro-chemical  Industry."  Sept.  1902. 

(37)  Worked  under  patents  held  by  the  Burgess  Gas  Process  Co.,  Canadian  Pat.  73,040  Sept.  10 
1001;  Eng.  Pat.  241,  Jan.  3.  1901;  Amer.  Pat.  701.995,  June  10. 1902. 
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The  history  of  carborundum,  may  well  be  likened  to  that  of  carbide,  its 
discovery  being  accidental.     Mr.  E.  C.  Acheson,  whose  patents  are  em- 
ployed in  this  industry,  was  endeavouring  to  obtain  crystals  of  carbon  by 
melting  together  clay  and  carbon,  the  latter  of  which  it  was  hoped  might 
crystallize  from  the  resulting  reduced  aluminum.     Hard  crystals  were 
found  after  the  fused  mass  had  cooled,  the  component  parts  of  which  were 
concluded  to  be  carbon  and  aluminum,  and  for  which  he  invented  the 
name  "carborundum."     Analysis,  however,  proved  the  new  substance 
to  contain  silicon  and  carbon,  and  only  a  small  quantity  of  alumina. 
Further  experiments  were  made  with  mixtures  of  sand,  carbon  and  salt 
as  a  fluxing  agent,  and  large  crystalline  masses  of  carborundum  were  ob- 
tained.   The  substance  thus  formed  corresponds  to  the  formula  CSi,  is 
extremely  hard,  and  is  used  in  place  of  emery  and  corundum.     In  the 
manufacturing  process  the  materials  employed  are  sand,  coke,  salt,  and 
sawdust;    the  coke  is  reduced  to  kernels  of  a  certain  size,  to  be  used  for 
making  the  "core,"  and  other  portions  are  ground  to  a  fine  powder  for 
mixing  with  the  charge  of  sand  and  salt.    The  original  form  of  furnace 
was  fitted  with  a  pair  of  carbon  terminals,  which  could  be  moved  longitud- 
inally, and  was  essentially  an  arc  furnace,  the  chemical  changes  taking 
place  being  due  to  the  high  temperature  of  the  arc  passing  between  the 
carbon  terminals.     In  1895  this  form  was  abandoned  and  a  continuous 
electrical  connection  made  between  the  terminals  by  the  introduction  of  a 
"core"  of  granulated  coke.     By  regulating  the  diameter  of  the  core  it 
could  be  heated  to  a  sufficiently  high  temperature  to  convert  the  surround- 
ing mixtures  into  carborundum.     In  the  modern  form  of  furnace  the  brick 
ends  and  carbon  electrodes,  with  the  necessary  terminals  for  connecting 
up  the  current,  are  the  only  permanent  portions.     The  charge,  consisting 
of  sand,  finely-ground  coke,  and  sawdust, — added  to  render  the  mixture 
more  porous  and  consequently  allow  the  gaseous  products  to  pass  through 
the  mass — is  placed  in  the  furnace  till  it  is  on  a  level  with  the  lower  edge 
of  the  carbon  electrodes.     The  coke  "core  "  is  then  filled  in,  made  into 
cylindrical  form  by  hand,  and  finally  surrounded  at  its  sides  and  on  the 
top  by  the  remainder  of  the  charge.     Care  is  taken  to  prevent  the  mixture 
coming  in  contact  with  the  carbon  terminals,  and  necessary  retaining  walls 
are  built  up  of  bricks  as  the  charging  operation  is  proceeded  with.     The 
current  is  passed  for  thirty-six  hours,  and  after  cooling,  the  walls  are  taken 
down,  unused  "charge"  raked  off,  and  the  outer  crust  of  carborundum 
exposed.     A  cross  section  of  the  contents  of  the  furnace  presents  many 
interesting  characteristics.     In  the  centre  is  the  core,  which  has  been,  to  a 
large  extent,  converted  into  amorphous  carbon  and  graphite.     From  this 
there  radiate  beautifully  coloured  carborundum  crystals  to  a  distance 
of  from  ten  to  twelve  inches.     Next  a  thin  inner  crust  of  amorphous  car- 
borundum of  a  light  green  colour  is  met  with,  then  the  outer  crust,  also 
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amorphous,  and  beyond  this,  the  unchanged  mixture.88  A  curious  effect 
is  observed  near  the  core,  where  the  temperature  is  highest;  here  are  found 
crystals  of  carborundum,  from  which  the  intense  heat  has  volatilized  the 
silicon,  leaving  "skeleton"  crystals  of  graphite,  while  the  silicon,  passing 
outwards  oxidizes  to  silica,  and  often  presents  the  appearance  of  spun 
glass.  Silicon  itself  has  been  found  in  the  cracks  in  the  bed  of  the 
furnace.39  The  carborundum  is  finally  crushed,  washed,  and  graded  for 
the  market. 

Carborundum  has  a  lower  specific  gravity  than  emery,  and  finds  its 
principal  application  in  the  manufacture  of  wheels,  stones,  razor  hones, 
rubbing  bricks  for  marble  dressing,  paper,  and  cloth.  The  Canadian  works 
of  the  Carborundum  Company  were  destroyed  by  fire  in  1903  and  have  not 
been  re-built.  This  plant  was  comparatively  small,  only  operating  200 
horse-power.  The  factory,  however,  supplied  the  Canadian  market,  thus 
avoiding  the  payment  of  duty.  The  writer  was  informed  by  Mr.  Acheson 
that  most  of  the  Canadian  product  was  exported  to  Scotland,  to  be  used 
there  in  finishing  granite.  The  estimated  cost  of  the  crude  crystals  is 
2.5  cents  per  pound,  that  of  tie  treated  powder,  4.5  cents  per  pound, 
while  the  selling  price  averages  9  cents  per  pound. 

Corundum. 

The  natural  corundum  industry  of  Ontario,  which  is  of  recent  origin, 
is,  however,  now  steadily  growing  in  amount  and  value  of  output.  The 
production  of  corundum  in  1901  had  a  value  of  $53,115,  and  in  1903, 
$106,332,  and  in  1904  over  $3,ooo,ooo.40  The  chief  producing  company, 
the  Canada  Corundum  Company,  has  just  completed  a  new  mill  of  greatly 
enlarged  capacity,  and  the  other  operating  concern,  which  formerly  export- 
ed the  corundum-bearing  rock  to  the  United  States,  after  cobbing  it  merely, 
is  now  crushing  and  treating  it  on  the  spot.  Two  additional  companies 
are  in  process  of  organization  for  producing  corundum.41 

To  the  Canada  Corundum  Company,  of  which  Mr.  B.  A.  C.  Craig  is  the 
president,  may  be  accorded  the  credit  of  having  placed  the  natural  cor- 
undum industry  of  Ontario  on  a  firm  basis.  Craig  Mountain  is  said  to  be 
the  largest  deposit  of  corundum  in  the  world.  The  hardness  of  this  sub- 
stance has  long  been  known,  and  under  the  name  of  emery  it  has,  in  an 
impure  state,  been  used  as  an  abrasive  agent.  The  product  of  this  mine 
is  said  to  contain  from  95  per  cent,  to  98  per  cent,  crystalline  alumina, 
and  from  letters  the  writer  has  seen,  its  hardness  and  cutting  qualities  seem 

(38)  Illustrated  Catalogue  No.  III.,  Carborundum  Company,  N.Y. 

(39)  Electro-Chemical  Industry,  Vol.  I.,  No.  2. 

(40)  Letter  from  Mr.  B.  A.  C  Craig,  President  of  the  Canada  Corundum  Company. 

(41)  See  19  bit. 
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to  have  recommended  it  to  consumers  alike  in  Europe  and  on  the  Ameri- 
can continent.  Results  are  always  the  best  tests  of  the  efficiency  of  any 
agent,  and  the  rapidly  increasing  market  that  Ontario's  corundum  is  finding 
is  sufficient  evidence  of  the  quality  of  this  material.  The  Craig  Mine  is 
now  putting  out  about  ten  tons  a  day,  and  the  management  confidently 
expect  a  considerable  increase  in  the  spring.42 

Graphite. 

Though  no  company  for  the  manufacture  of  graphite  has  yet  been 
capitalized  in  Canada,  the  production  of  it  by  the  Acheson  process  is  carried 
on  to  a  small  extent  in  the  Canadian  branch  of  the  Carborundum  Company 
at  Niagara  Falls.  The  formation  of  the  " skeleton"  crystals  referred  to 
above  suggested  making  use  of  the  decomposition  of  carborundum  for 
making  graphite  itself.  The  inventor's  patents  include  the  production 
of  graphite  in  the  form  of  pure  electric-light  carbon,  by  subjecting  impure 
carbon  to  a  high  temperature  for  a  sufficient  length  of  time  to  volatilize 
the  impurities;43  the  conversion  of  carbon  into  graphite  by  mixing  with 
such  metallic  oxides  as  would  be  capable  of  forming  metallic  carbides, 
to  be  subsequently  decomposed;44  the  conversion  into  graphite  of  such 
natural  carbonaceous  materials  as  contain  uniformly  intermixed  through 
them  metallic  oxides  sufficient  to  produce  carbide,  and  thence  graphite.45 
These  processes  throw  considerable  light  on  the  scientific  principles  under- 
lying the  formation  of  this  substance.46 

X. — The  Cement  and  Plaster  Industry. 

The  manufacture  of  Portland  cement  is  mainly  confined  to  Ontario, 
though  one  establishment — the  Crescent  Cement  Works — is  situated  at 
Longue  Pointe,  in  the  Province  of  Quebec.  In  Ontario  there  are  some 
fourteen  companies  and  eight  factories  in  operation,  and  throughout  this 
Province  are  found  the  necessary  raw  materials  (clay  and  marl)  of  an  ex- 
cellent quality.  The  development  of  the  industry  has  been  rapid,  and  has 
all  taken  place  within  the  past  few  years.  The  most  improved  method 
of  procedure  is  as  follows:  the  marl  is  thoroughly  mixed,  mechanically, 
with  water  into  a  thin  paste,  and  the  same  operation  is  performed  with  the 
clay.  The  two  fluids  are  mixed  thoroughly  in  the  required  proportions, 
and  in  a  pasty  condition  are  pumped  into  steel  rotary  calciners,  about 
seventy  feet  in  length  and  six  feet  in  diameter,  set  at  a  slight  angle  to  the 

(42)  See  note  40.     An  account  of  the  Corundum  Industry  of  Ontario  will  be  found  in  the  "Canadian 
Mining  Review,"  Vol.  XXIII,  No.  10,  (1904). 

(43)  U.S.  Pat.  542,982  of  July  23,  1895. 

(44)  U.S.  Pat.  568,323  of  Sept.  29, 1896,  and  No.  617,979  of  Jan.  17, 1899. 

(45)  U.S.  Pat.  645,285  of  March  13,  1900. 

(46)  Electro  Chemical  Industry,  Vol.  I.,  No.  2. 
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horizontal.  These  rotary  calciners  are  the  great  feature  of  the  Canadian 
cement  plants.  This  form  of  kiln  is  originally  of  English  origin,  but  has 
only  been  brought  to  its  present  effective  condition  since  its  introduction 
to  this  country.  In  the  interior  of  the  kiln  are  "channel-irons"  running 
from  end  to  end.  At  the  lower  end  fuel  is  introduced  in  a  particular 
manner,  and  the  burning  gases  pass  through  the  entire  length  of  the  kiln, 
and  are  allowed  to  escape  at  the  upper  extremity.  At  this  latter  end  is 
introduced  the  " slurry"  of  the  mixed  ingredients,  which  becomes  dried 
and  finally  calcined  in  the  slow  passage  from  one  end  to  the  other.  The 
revolving  irons  carry  the  "slurry"  up  with  them  as  they  rise,  and  on 
reaching  the  top  it  falls,  under  the  action  of  gravity,  through  the  burning 
gases,  being  subjected  at  the  hottest  part  to  a  temperature  of  3,000°  F., 
when  combination  takes  place  between  the  constituents  of  the  fused  mass, 
and  the  resulting  "clinker"  emerges  into  the  vessel  destined  for  its  recep- 
tion. The  drying  and  calcining  is  thus  performed  in  one  operation,  and  no 
preliminary  pressing  of  the  material  into  bricks  is  required.47  At  the  works 
of  the  National  Portland  Cement  Company,  recently  erected  at  Durham, 
Ont.,  a  great  saving  of  time  is  effected  by  cooling  the  clinker  in  vessels 
drawn  by  an  endless  chain  through  a  stream  of  water  below  the  ground 
level.  After  cooling  in  this  manner  it  is  ground  to  a  fine  powder,  and  pack- 
ed in  bags  or  barrels  ready  for  use.  The  whole  operation  by  this  process 
occupies  only  eight  hours,  a  period  of  time  which  will  be  appreciated  by  all 
acquainted  with  the  older  methods.  At  Durham  the  raw  materials  are 
brought  from  the  natural  deposits,  which  are  close  at  hand,  calcined,  cooled, 
ground  and  packed  by  means  of  a  continuous  series  of  mechanical  conveyers 
from  one  part  of  the  establishment  to  the  other.  This  company  has  an- 
other plant  in  course  of  erection  at  Hull,  P.Q.,  on  the  Ottawa  River,  which 
is  intended  to  supply  the  Eastern  Canadian  market. 

Several  articles  have  appeared  lately  in  the  public  press48  pointing 
out  that  a  possible  over-production  of  cement  may  be  the  result  of  the 
numerous  large  concerns  which  are  already  in  operation  or  are  about  to  be 
started.  Whether  or  not  this  will  take  place  in  the  immediate  future 
depends,  naturally,  on  the  general  prosperity  of  the  country  and  the  con- 
sequent demand  for  building  materials.  Certainly  cement  has  gained 
considerable  reputation  as  a  substitute  for  stone,  as  can  be  seen  by  the 
extent  to  which  it  is  made  use  of  by  architects.  It  can  be  readily  moulded 
into  any  form  and  may  then  be  dressed  to  represent  the  natural  article. 
If  it  can  ever  oust  stone  and  brick  from  their  present  position  depends, 
not  only  on  its  comparative  cost,  but  on  the  quality  of  cement  put  out  by 
manufacturers.  One  case  of  a  collapse  due  to  an  admixture  of  a  single 
bag  of  inferior  material  and  the  whole  fabric  of  the  cement  industry 

(47)  The  Portland  Cement  Industry:   "Queen's  Quarterly,"  Jan.  1003. 

(48)  "  The  Globe,"  Toronto,  March,  1903,  and  other  papers. 
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as  supplying  a  substitute  for  the  older  building  materials,  will  be  in  danger 
of  a  similar  fate.  The  total  output  of  Portland  cement  in  1902  was  valued 
at  1,028,618  dols.,49  and  in  1903  at  1,166,497  dols.50 

Gypsum  is  found  in  considerable  quantities  in  Nova  Scotia  and  New 
Brunswick.  At  Windsor,  N.S.,  there  are  immense  deposits;  the  beds 
found  in  the  vicinity  of  Hillsborough,  N.B.,  are,  however,  very  large  and 
of  great  purity,  and  form  the  basis  of  the  most  extensive  operations.61 
It  is  also  found  in  Ontario,  and  plaster  works  are  located  at  Paris  in  that 
Province.  In  1901  active  operations  were  begun  at  Gypsum ville,  Manitoba. 
The  industry,  however  is  principally  located  in  New  Brunswick.  Draw- 
backs in  the  way  of  freight  charges,  inadequate  shipping  facilities,  and 
the  competition  offered  by  manufacturers  of  plaster  of  Paris  in  the  United 
States,  kept  the  industry  from  developing  until  the  Intercolonial  Railway 
was  opened  and  the  increased  duty  on  American  plaster  imposed,  when  the 
New  Brunswick  plaster,  quarried  and  prepared  at  Hillsborough,  came  to  be 
firmly  established  on  the  Canadian  Market.  In  manufacturing  plaster 
of  Paris,  the  stone  is  first  dried  in  the  air  and  ground — not  burned  in  lumps 
as  is  still  done  to  a  considerable  extent  in  Eng'and  and  on  the  Continent 
of  Europe,  and  the  pulverized  material  subjected  to  a  process  of  calcin- 
ation in  kettles,  of  a  capacity  of  sixty  barrels  of  300  pounds  of  the  calcined 
plaster,  furnished  with  lids  and  stirring  arms  which  keep  the  material 
in  constant  motion.  When  the  required  temperature  has  been  reached 
(2850  F.),  the  plaster  is  removed  and  packed  in  paper-lined  barrels  for 
market.  Analysis  of  the  Hillsborough  gypsum  shows  it  to  be  99.88  per 
cent.  CaSOA.52  The  principal  markets  for  plaster  of  Paris  are  Canada, 
the  United  States,  and  South  Africa,  while  the  crude  gypsum  is  exported 
largely  to  New  York  and  other  portions  of  the  States,  being  used  for  making 
plaster  for  walls  and  ceilings.53  According  to  the  Geological  Survey 
Reports  for  1902,  the  gypsum  produced  in  Canada  during  that  year 
amounted  to  over  332,000  tons,  valued  at  356,317  dols. 

XI. — Carbohydrates:   (a)  The  Refining  of  Sugar;    (b)  The  Beet- 
Sugar  Industry. 

The  hoped-for  developments  in  the  production  of  sugar  from  beets 
in  Ontario  and  Southern  Alberta,  referred  to  in  the  first  edition  of  this 
paper  (1903)  have  not  come  up  to  the  expectations  either  of  the  writer 
or  of  the  public  as  will  be  seen  from  the  sequel.     Statistics  show  that  during 

(49)  Geological  Survey  of  Canada:  Mineral  Products,  1902. 

(50)  Stattisioal  Year  Book,  1903. 

(51)  Geological  Survey  of  Canada:  The  Mineral  Resources  of  New  Brunswick,  1899. 

(52)  Analysis  by  A.  A.  Breneman,  of  New  York,  in  Mineral  Resources  of  New  Brunswick,  Geo- 
logical Survey  of  Canada,  1899. 

(53)  Letter  from  the  Manager,  Albert  Manufacturing  Co. 
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the  last  decade  cane  sugar  has  increased  in  production  about  200  per  cent. 
Judging  from  present  appearances,  and  allowing  for  some  slight  tariff 
alterations,  the  increase  in  Canada  should  soon  be  in  proportion  to  that 
of  other  countries.64 

Raw  sugar  is  imported  from  Cuba,  the  West  Indies,  Java,  Manila, 
the  Brazils,  Mauritius,  and  the  Continent  of  Europe.  The  most  improved 
machinery  and  processes  are  employed,  refined  sugars  and  syrups  being  the 
staple  products, 

Belgium  supplies  to  Canada  the  largest  proportion  of  sugar,  the  im- 
ports from  that  country  amounting  in  1901  to  127,931,553  pounds;  from 
Germany  in  the  same  year  83,941,290  pounds  entered  the  country,  the 
total  imports  being  336,694,833  pounds  valued  at  close  on   SSjCKX^ooo.56 

Beet  Sugar. 

The  most  interesting  point  connected  with  the  sugar  industry  is  the 
way  in  which  the  production  of  sugar  from  beets  cultivated  on  Canadian 
soil  has  become,  in  the  past  few  years,  an  important  factor  in  the  country's 
progress.  As  far  back  as  1872  the  Dominion  Government  sent  a  special 
agent  to  Europe  to  make  a  study  of  the  industry.  A  bounty  of  $25,000 
afterwards  increased  to  $70,000  was  offered  by  the  Quebec  Government 
in  1875  to  the  first  successful  factory  to  be  established  in  a  situation  ap- 
proved by  the  Government.  This  led  to  the  establishment  of  a  company 
known  as  the  Union  Sucriere  du  Canada,  which,  in  1881,  erected  the  first 
of  four  proposed  factories  at  Berthierville,  Que.56  This  establishment 
was  unsuccessful  and  only  operated  for  a  few  days,  mainly  owing  to  the 
failure  of  the  beet  crop.  After  passing  into  other  hands  the  plant  was 
bought  by  an  American  company  and  removed  to  Eddy,  New  Mexico.67 
Another  company  was,  in  the  same  year,  organized  at  Farnham,  P.Q., 
not  far  from  Montreal,  which  after  some  vicissitudes,  did  not  deem  its 
success  sufficient  to  warrant  a  continuation  of  its  operations,  so  sold  its 
plant  to  a  company  at  Rome,  N.Y.,  in  1897.  A  third  company,  known 
as  the  Pioneer  Beet  Company  started  operations  in  188 1,  at  Coaticook, 
P.Q.^and  was  successful  in  part,  receiving  a  subsidy  of  35,000  dols.  from 
the  Government,  but  it,  too,  closed  its  doors  in  1883.  The  causes  to  which 
these  failures  may  be  attributed  were  lack  of  capital  and  enterprise,  and 
the  indisposition  of  the  farmers  to  cultivate  beets.  The  Agricultural  De- 
partment of  the  Provincial  Governments,  however,  continued  experi- 
menting with  various  kinds  of  beets  and  studied  the  conditions  most  f  avour- 

(54)  Letter  from  Mr.  D.  A.  Gordon,  President  of  the  Wallaeeburg  Sugar  Company. 

(55)  Essay,  Mr.  Read,  University  of  Toronto. 

(56)  Report  of  Dominion  Government  on  beet  sugar  manufacture  in  Canada. 

(57)  Letter  from  the  Manager  of  the  Dresden  Sugar  Co.,  Ontario,  now  removed  to  Michigan. 
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able  to  their  successful  growth.  For  some  years  past  the  Ontario  Agricul- 
tural College  at  Guelph  has,  as  a  consequence  of  the  excellent  results  ob- 
tained at  their  experimental  stations,  been  carrying  on  an  educational 
campaign  among  the  farmers  of  the  Province.  As  a  result  of  this  the  qual- 
ity and  tonnage  of  beets  now  grown  in  different  parts  of  Ontario  surpass 
those  of  many  American  States.  The  climate  of  this  Province,  with  its 
sunshine  and  long  autumns,  is  peculiarly  favorable  to  the  cultivation  of 
the  beet,  which  takes  about  four  months  and  a  half  to  reach  maturity. 
It  requires,  however,  to  be  demonstrated  to  the  farmers  that  the  culti- 
vation of  beets  will  pay  them  better  than  other  land  produce  before  the 
requisite  supply  of  suitable  material  will  be  obtained.  That  the  profits  are 
large  can  be  gathered  from  the  fact  that  wheat  yields  in  Ontario  $15  an  acre 
per  annum,  oats,  $9.74,  and  beets  for  sugar,  $60.  In  the  last  case  the  cost 
of  production  is  necessarily  large,  owing  to  a  great  amount  of  labour  being 
required,  but,  all  the  same  the  profits  to  the  farmer  should,  with  skilful 
treatment,  be  at  least  $30  per  acre  per  annum.  The  beet  tops  are  of  value 
as  a  fertilizing  agent  owing  to  the  salts  they  contain,  and  find  a  use  also 
as  a  food  for  cattle.  In  1901  beets  were  grown  — under  instructions  from 
the  Agricultural  Department — in  fifteen  districts  of  Ontario,  and  the  aver- 
age yield  per  acre  was  over  seventeen  tons  of  a  high  quality  of  beets  which 
gave  an  average  of  15.6  per  cent,  of  sugar  of  an  average  purity  of  87.7 
per  cent.  All  this  points  to  a  future  for  Ontario  as  a  sugar-producing 
country;  this  fact  has  been  fully  realized  by  the  Provincial  Government, 
which  offered  a  bounty  of  $275,000  for  three  years,68  and  at  its  recent  ses- 
sion extended  this  bounty  for  a  further  period  of  two  years,  to  be  distributed 
among  factories  according  to  the  amount  produced.  Four  companies 
were  organized  a  few  years  ago,  namely,  the  Wiarton  Beet  Sugar  Company 
(capital  $500,000)  which  has  since  been  shut  down;  the  Dresden  Sugar 
Company  (capital  $600,000)  which  has  now  removed  its  factory  to  Michigan ; 
the  Wallaceburg  Sugar  Company  (capital  $500,000)  and  the  Ontario  Sugar 
Company,  of  Berlin  (capital  $1,000,000) ;  each  of  these  companies  received 
a  bonus  from  the  town  where  it  was  situated,  averaging  $28,000.  The  cap- 
italization of  a  company  engaged  in  this  industry  depends  entirely  on  the 
size  of  the  plant,  a  general  estimate  of  $1,000  per  ton  of  beets  per  day 
may  be  considered  a  fair  calculation  of  what  would  be  required. 

Two  companies  only  are  thus  in  the  field  this  year,  and  it  seems  rea- 
sonable to  expect  that  both  factories  will  increase  their  output  over  that 
of  1903.  The  nearness,  geographically  speaking,  of  the  Wallaceburg  and 
Dresden  concerns  to  one  another — some  nine  miles  apart  only — militated 
against  their  success,  and  it  is  to  be  hoped  that  now  the  former  is,  so  to 
speak,  alone,  it  will  do  better  than  heretofore. 

(58)  1,  Edw.  VII.,  Cap.  II,  (1901). 
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Beet  sugar  factories  have  also  been  established  in  Alberta,  in  the 
North- West  Territories  of  Canada.  Since  1893,  an  area  of  about  300,000 
acres  has  been  made  productive  by  means  of  the  irrigation  system  of  the 
Canadian  North- West  Irrigation  Company,  and  a  portion  of  this  area 
has  been  utilized  for  beet  cultivation,  principally  by  the  Mormon  settlers. 
The  most  important  factory  has  been  established  by  the  Knight  Sugar 
Company  at  Raymond,  south  of  Lethbridge,  on  the  Canadian  Pacific 
Railway.  The  capital  of  this  company  is  $1,000,000.  The  area  intended 
to  be  planted  with  beets  is  3,000  acres,  and  the  daily  capacity  of  the 
factory  will  be  400  tons  of  beets  per  day.  The  only  difficulty  which  the 
industry  is  encountering  in  the  North-West  is  the  scarcity  of  labour.59 
This  is  due  partly  to  the  scanty  settlement  of  the  country,  and  partly  to  the 
superior  attractions  of  the  mining  regions,  which  are  situated  at  no  great 
distance. 

A  plentiful  water  supply,  lime,  and  source  of  power,  are  necessary  for 
the  profitable  prosecution  of  the  industry;  all  this  has  been  carefully 
considered  in  locating  the  factories  enumerated  above,  steam  power  being 
employed  for  pumping  and  the  working  of  all  machinery.  There  is  room 
for  many  more  factories  in  the  Dominion;  according  to  Dr.  A.  B.  Shuttle- 
worth,  Chief  Agriculturalist  to  the  Ontario  Sugar  Company,  whose  name 
is  indissolubly  connected  with  the  development  of  beet  cultivation,  it 
would  require  over  thirty  refineries  each  of  600  tons  capacity  to  supply  the 
home  market  alone.60 

The  working  season  of  a  factory  runs  for  about  100  days,  operating 
continuously.  The  cost  of  the  sugar  is  from  three  to  three  and  a  half 
cents  per  pound,  and  the  profits  to  the  makers  are  estimated  at  fifty  cents 
per  ton  of  beets  used.  This  wrould  mean  that  in  a  factory  of  500  tons 
capacity,  working  for  100  days,  the  profits  would  amount  to  $25,000. 

The  scope  of  this  article,  does  not  allow  of  any  detailed  consideration 
of  the  working  process  by  which  the  sugar  is  extracted  frm  the  sliced 
beets  and  crystalized.  New  proceses  are  being  employed  for  utilizing 
the  residual  molasses.  This  is  treated  for  the  recovery  of  the  sugar  in  some 
part,  and  also  for  the  production  of  alcohol  by  fermentation.  An  Ameri- 
can company  in  1901  produced  915,000  gallons  of  alcohol  in  this  way, 
of  a  quality  considered  to  be  quite  equal  to  the  grain  product.  Another 
new  process  is  that  of  the  manufacture  of  syrup  from  the  beet  instead 
of  sugar ;  forty  gallons  of  this  can  be  obtained  from  a  ton  of  beets,  which, 
at  thirty  cents  a  gallon,  means  a  return  of  $12  per  ton  of  material  used, 
while  the  product  in  sugar  yields  only  from  $7  to  $8  per  ton  of  beets.     The 

(59)  Letter  from  Manager  of  works  at  Raymond. 

(60)  Berlin  News  Record,  Nov.  8,  1902. 
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beet-pulp  refuse  is  also  being  largely  used  as  a  food  for  live  stock,  for  which 
purpose  it  is  extremely  suitable  owing  to  its  nitrogen  contents.  In  this 
connection  a  new  process  has  been  introduced  for  drying  the  pulp,  which 
entails  an  expenditure  of  $5  per  ton,  but,  as  the  dried  pulp  is  sold  at 
$6.25  per  ton,  a  clear  profit  of  $1.25  is  thus  secured  to  the  manufacturer.61 

The  production  of  sugar  from  Canadian  grown  beets  is  a  new  and,  it 
is  to  be  hoped,  rising  industry  which  offers  great  scope  for  some  co-opera- 
tive arrangements  between  the  companies  and  the  farmers.  It  should  give 
an  impetus  to  agriculture,  afford  employment  to  thousands  of  unskilled 
workpeople,  and,  as  an  important  industry,  be  a  lasting  benefit  to  the  coun- 
try. Whether  or  not  the  growing  of  beets  will  become  popular  remains  to 
be  seen ;  the  present  quality  is  as  yet  not  so  good  as  was  expected,  but  much 
may  yet  be  done  in  the  way  of  improvement  by  careful  cultivation. 

The  following  communication,  dated  March  6th,  1903,  from  Mr. 
George  Elsey,  manager  of  the  Dresden  Sugar  Company,  conveys  some  idea 
of  the  position  of  the  industry  from  the  point  of  view  of  the  manufacturer 
and  its  possible  f uture : 

"At  the  present  time  there  were  four  factories  which  operated  this 
last  season,  and  from  what  we  are  able  to  learn  the  results  were  as  satis- 
factory as  could  be  expected  under  the  existing  conditions,  that  is,  the 
rain  fall  last  summer  damaged  the  beet  crop  from  fifty  to  sixty  per  cent., 
both  in  the  United  States  and  in  Canada.  The  balance  of  the  crop,  on 
account  of  wet  weather,  cost  considerably  more  to  raise  than  what  was 
necessary.  It  was  unfortunate  that  this  should  occur  in  the  first  season 
that  the  factories  were  started  in  Canada,  as  it  was  very  disappointing, 
but  most  of  the  farmers  have  told  us  that  they  were  surprised  at  the  amount 
of  rain  the  beet  would  stand,  and  in  several  instances  where  they  could 
harvest  the  beet  crop,  the  corn  and  other  crops  were  ruined.  After  we 
have  had  a  seasonable  year  and  it  will  be  demonstrated  to  the  farmers 
that  there  is  more  money  in  raising  sugar  beets  than  any  other  crop  that 
grows,  the  four  factories  now  in  existence  will  get  their  supply  of  beets 
within  hauling  distance  of  the  factories.  .  .  .  Our  farmers  know 
well  that  the  Michigan  farmers  obtain  about  a  dollar  a  ton  more  for  their 
beets  than  they  do,  and  they  also  understand  that  it  has  cost  as  much  in 
money  and  labour  to  raise  a  ton  of  beets  in  Canada  as  it  does  in  Michigan 
or  any  part  of  the  United  States.  They  therefore  feel  dissatisfied,  and  are 
clamouring  for  more  money,  which  the  companies  would  be  glad  to  pay 
if  they  could  sell  their  sugar  for  the  same  price  as  the  American  Beet  Sugar  re- 
fineries. The  present  Canadian  sugar  tariff  is  such  that  it  would  not  allow  any 

(61)  In  the  above  I  have  drawn  largely  from  an  essay  on  the  beet-augar  industry  by  Mr.  E.  R. 
Read,  a  student  in  the  Department  of  Political  Science,  University  of  Toronto,  who  kindly  placed  his 
papers  at  my  disposal.     Also  from  Dr.  Shuttleworth's  article  in  the  "  Berlin  Newt  Record"  1902. 
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more  sugar  refineries  to  be  built  in  Canada.  The  companies  that  are  already 
here  have  the  experience  of  what  this  tariff  can  do.  It  allows  sugar  that 
has  been  refined  in  the  United  States  to  be  shipped  in  hfere  and  undersell 
Canadian  refined  sugar,  which  means  a  loss  to  the  refineries  and  to  the 
Canadian  people.  It  allows  raw  beet  sugar  to  be  imported  at  a  price 
that  will  prevent  the  farmers  from  taking  hold  of  the  beet  industry  as  they 
should.  Canada  is  sending  to  Germany  and  other  foreign  countries  about 
$1,000,000  per  month  for  raw  beet  sugar,  and  the  naturally  yearly  in- 
crease of  consumption  is  about  eight  per  cent,  so  that  the  future  of  the 
sugar  beet  industry,  under  a  proper  tariff,  would  be  a  lasting  one  and  a 
great  benefit  to  the  farming  community." 

XII. — Natural  Gas  and  Petroleum. 
Natural  Gas. 

The  existence  of  natural  gas  in  Ontario  was  first  discovered  in  1889,. 
being  found  in  two  well-defined  areas,  as  the  Essex  county  field  and  the 
Welland  county  field.  It  is  chiefly  near  Buffalo,  on  Lake  Erie,  and  near 
Windsor,  Ontario,  that  the  largest  supplies  are  met  with,  though  practically 
it  may  be  got  in  nearly  any  part  of  the  Niagara  peninsula  in  small  quan- 
tities. In  1901  there  were  158  wells  in  operation,  and  368  miles  of  piping 
were  needed  to  distribute  the  gas.  Much  of  the  gas  produced  in  Essex 
county  was  formerly  led  across  the  river  to  Detroit  by  pipe  lines,  but  on 
representations  made  by  the  people  of  the  Essex  district  to  the  effect 
that  the  supply  of  gas  was  not  sufficient  for  home  consumption,  the  On- 
tario Government  passed  an  Order  in  Council  in  October,  1901,  prohibiting 
the  gas  from  the  Essex  field  being  exported  to  the  States.  None  of  the 
product  of  this  natural  gas  field  is  therefore  now  being  sent  across  the  De- 
troit river;  it  is,  however,  still  exported  from  the  Welland  field  to  the 
American  side  of  the  Niagara  River,  chiefly  to  Buffalo,  N.Y.  It  may  be 
mentioned  that  the  landowners  on  whose  farms  the  wells  are  located  get 
their  gas  free  in  addition  to  being  paid  for  the  use  of  their  lands.62  The 
value  of  the  gas  produced  in  Ontario  during  the  last  ten  years  shows  con- 
siderable fluctuations,  being  much  less  in  1903  than  in  the  previous  year, 
due,  no  doubt,  to  the  Government  prohibiting  its  export.63 

Petroleum. 

This  is  one  of  the  chief  mineral  products  of  the  Dominion,  though 
as  yet  the  output  is  not  sufficient  to  meet  Canada's  needs.  The  principal 
seat  of  the  industry  is  at  present  in  Ontario,  where  commercial  quantities 

(62)  Report  of  the  Bureau  of  Mines,  Ontario,  1902. 
(03)  Statistical  Tear  Book  of  Canada,  1903. 
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are  found  in  the  counties  of  Kent  and  Lambton.  In  the  former  there  are 
two  oil  fields,  one  at  Oil  Springs,  extending  over  1,200  acres,  and  the  other 
in  the  Petrolea  district,  20  miles  long  t>y  2  wide.64  In  Lambton  county 
the  industry  dates  back  to  the  year  1862.  Petroleum  is  also  found  in 
Quebec,  Nova  Scotia,  New  Brunswick,  and  boring  operations  that  have 
in  recent  years  been  carried  on  at  Athabasca,  near  Edmonton,  in  the 
North- West  Territories,  point  to  a  likelihood  of  that  part  of  the  country 
contributing  largely  to  the  future  supply  of  mineral  oil. 

The  industry  is  now  one  of  the  most  highly  organized  in  the  Dominion ; 
the  system  of  drilling  and  pumping  now  used — the  "jerker-line"  system 
enables  a  well  yielding  from  eight  to  ten  gallons  a  day  to  be  profitably 
worked.  This  system  has  gained  for  itself  a  world-wide  reputation;  it  is 
used  in  Galicia,  Russia,  Afghanistan,  Burmah,  India,  Italy,  France,  Cal- 
ifornia, and  Australia.  Its  advantages  are  numerous;  a  central  engine 
can  operate  a  large  number  of  wells;  on  one  property  near  Petrolea,  233 
wells,  :  cattered  over  an  area  of  400  acres,  are  worked  by  a  single  engine. 
It  is  estimated  that  to  sink  a  well  of  about  500  feet  in  depth  costs  only 
$i25.65  In  1900,  there  were  approximately  10,000  wells  in  operation, 
yielding  on  an  average  seventy-one  barrels  of  oil  each. 

The  refining  side  of  the  petroleum  industry  is  largely  in  the  hands  of 
the  Imperial  Oil  Company,06  which  some  years  ago  absorbed  several  other 
concerns,  and  of  the  Canadian  Oil  Refining  Company.  The  plant  of  the 
former  at  Sarnia  has  a  capacity  o.'  60,000  barrels  of  crude  o.l  per  month, 
and  the  market  for  their  products  reaches  from  Halifax  to  Vancouver. 
Many  of  the  bye-products  of  the  refining  process  find  a  market  in  England 
and  in  Spain.  The  latter  company  have  erected  an  up-to  date  plant  at 
Petrolea,  on  the  site  of  one  which  was  in  operation  some  years  ago,  where 
all  the  products  will  be  manufactured  that  modern  science  shows  can  be 
obtained  from  petroleum.67  Improvements  n  methods  of  retort  ng  have 
recently  led  to  considerable  quantity  of  the  crude  oil  being  used  for  gas 
making,  three  and  a  half  million  gallons  being  an  estimate  of  the  amount 
so  employed.67 

There  has  been  a  slight  falling  off  in  the  production  of  oil  during  the 
past  years;  calculated  as  "crude"  oil,  the  output  in  1901  was  27  millions 
Imperial  gallons,  and  in  1901  a  little  over  26J  millions.68  In  1903  it  fell 
to  some  16  million  gallons.  A  slow  process  of  diminution  seems  to  be  going 
on  in  the  area  at  present  productive,  and  a  falling  off  must  be  looked  for 

(64)  The  oil  ia  found  at  depths  varying  from  370  to  400  feet. 

(65)  This  and  much  of  what  is  given  here  on  natural  gas  and  petroleum  is  from  a  paper  by  Mr. 
W.  J.  K.  Vans  ton,  read  before  the  Canadian  Section  of  the  Society  of  Chemical  Industry  in  Jan.  1903. 

(66)  Capital  stock,  $1,000,000. 

(67)  Bureau  of  Mines  Report,  Ontario,  1002. 

(68)  Statistical  Year  Book,  1903. 
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from  year  to  year  unless  this  is  counteracted  by  an  extension  of  the  oil- 
bearing  territories.67  Probably,  the  field  about  to  be  exploited  in  the 
North-West  will  alter  the  position  somewhat,  and  an  increase  in  the  output 
may  be  confidently  looked  for.69 

XIII. — Pulp  and  Paper. 
Pulp. 

As  timber  is  one  of  the  chief  natural  products  of  the  Dominion,  it 
is  only  to  be  expected  that  Canada  should  figure  largely  in  the  wood  pulp 
industry ;  the  figures  that  might  be  given  to  indicate  the  number  of  cords 
of  pulp-wood  available  throughout  the  country  are  so  large  that  one  could 
hardly  grasp  their  real  significance.  The  industry  is  not  so  young  as  many 
others  that  have  been  considered;  in  the  census  of  1871,  no  pulp-making 
plants  are  mentioned;  in  1881,  there  appear  five  mills,  employing  68  men, 
and  having  an  output  valued  at  $63,000;  in  1891  there  were  24,  with  a 
yield  valued  at  more  than  a  million  dollars;  while  1903  shows  some  39 
factories,  from  which  the  exported  pulp  alone  amounted  to  over  five  million 
dollars.70  The  area  of  pulp-making  operations  is  not  confined  to  any  one 
Province,  New  Brunswick,  Nova  Scotia,  Quebec,  Ontario,  and  British 
Columbia  are  all  represented  in  the  industry. 

The  principal  woods  employed  for  pulp-making  are  white  and  black 
spruce,  balsam,  poplar,  and  pine ;  spruce71  and  balsam  are  those  most  gener- 
ally used,  on  account  of  the  special  quality  of  their  fibre  and  their  colour, 
pine  being  utilized  mostly  for  chemical  pulp.  The  two  main  varieties 
of  the  pulp  are  mechanical  and  chemical.  The  former  is  obtained  by  grind- 
ing spruce  logs  to  powder,  the  logs  being  pressed  against  a  rapidly  revol- 
ving grindstone,  with  water  constantly  supplied  to  prevent  the  friction 
causing  a  rise  in  temperature.  A  liquid  pulp  is  thus  obtained  from  which 
the  water  is  squeezed  by  hydraulic  machinery,  a  pressure  of  many  tons 
to  the  square  inch  being  employed.  The  resulting  pulp  still  contains  water, 
however,  to  the  extent  of  from  50  to  60  per  cent.,  though  some  works — 
notably  those  at  Sault  Ste.  Marie — have  introduced  a  machine  specially 
constructed  for  the  purpose  of  removing  this  large  excess  of  moisture. 
Where  the  pulp  is  to  be  made  at  once  into  paper,  this  drying  process  is 
unnecessary.  The  specially  dried  pulp  resembles  paper  very  closely  in 
outward  appearance.72    Chemical  pulp  is  prepared  by  disintegrating  and 

(69)  Total  value  of  products  of  petroleum  in  Ontario  in  1901,  $1,467,940,  Bureau  of  Mines  Report 
1902.  4 

(70)  Statistical  Year  Book,  1903. 

(71)  In  1894  it  was  estimated  that  Canada  contained  between  38  and  40  per  cent,  of  woodlands  and 
forests,  or  about  1.400,000  square  miles,  one-half  of  this  being  spruce.  The  spruce  area  is  thus  450 
million  acres.  In  all  there  are  4,500  million  tons  of  pulpwood  in  sight.  "Pulpwood  of  Canada." 
Pan-American  Exhibition  pamphlet,  published  by  the  Geological  Survey,  1901. 

(72)  The  Sault  Ste.  Marie  Works  used  (1903)  some  200  tons  of  spruce  logs  yielding  150  tons  of  pulp 
per  aay. 
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extracting  the  resinous  matter  from  the  wood  — in  the  form  of  chips 
by  digestion  with  sulphur  compounds,  usually  a  weak  solution  of  sulphur- 
ous acid,  about  a  quarter  of  which  is  in  the  form  of  bisulphite  of  lime.7* 
A  soda  chemical  process  is  also  employed  by  some  makers.  The  sulphur 
used  for  the  production  of  sulphurous  acid  is  either  imported  from  Sicily 
or  obtained  by  burning  pyrites.  Chemical  pulp  possesses  many  advan- 
tages over  mechanical  pulp,  though  its  manufacture  is  necessarily  more 
expensive,  and  the  yield  per  cord  of  wood,  as  compared  with  the  latter,  is 
much  less.74  It  has  a  longer  and  tougher  fibre,  and  the  resinous  matter 
being  no  longer  contained  in  it,  finds  uses  for  qualities  of  paper  for  which 
the  mechanical  pulp  would  be  unsuitable.  The  principal  markets  for  pulp 
are  Great  Britain,  the  United  States,  France,  Australia,  and  Japan.  Much 
of  it  is  used,  however,  locally  for  the  manufacture  of  paper.  In  1903  the 
requirements  of  Great  Britain  alone  amounted  to  $12,000,000,  a  little  over 
seven  per  cent,  of  her  needs. 

Paper. 

In  many  cases  the  producers  of  pulp  also  manufacture  it  into  paper. 
The  principal  requisites  for  the  paper  industry  are  a  plentiful  supply  of 
pulp- wood,  good  water  and  an  abundance  of  it,  and  cheap  power;  all  these 
can  be  found  in  many  parts  of  Canada.  The  growth  in  the  demand  for 
paper  of  all  kinds,  news,  wrapping,  wall  and  the  finer  grades,  was  one  of  the 
features  of  last  century — especially  newspaper.  The  introduction  of  wood 
fibre  into  its  manufacture  has  consequently  enabled  the  supply  to  keep  pace 
with  the  demand.  The  process  of  manufacture  requires  no  description  here ; 
the  secretary  to  a  prominent  Canadian  firm  states  that  or  ginally  they  used 
rope  as  a  raw  material,  then  straw,  which  was  abandoned  for  rags,  and 
finally  these  gave  place  to  chemical  and  ground  wood-pulp.  Previous  to 
1870  no  wood  whatever  was  used  in  the  manufacture  of  paper  in  this  coun- 
try. Ground  wood-pulp  was  introduced  at  that  time  and  has  since  become 
the  filling  material  of  the  cheaper  grades  of  paper,  being  partly  pasty  and 
partly  fibrous.  Up  to  1885  the  real  fibre — the  framework  of  the  paper 
— was  supplied  by  rags.  In  1885  sulphite  pulp  was  introduced  and  has 
largely  replaced  rags,  except  in  the  higher  grades  of  paper,  in  which  linen  is 
used,  and  in  the  very  low  grades,  where  straw  is  employed.75 

The  Toronto  Globe  of  March  4th,  1903,  in  an  article  on  the  wood-pulp 

industry,  gives  the  following  statistics,  which  are  of  interest : — 

Tons. 

Production  of  mechanical  pulp  in  1902 152,210 

Production  of  sulphite  pulp  in  1902 76,735 

Production  of  soda  pulp  in  1902 9,044 

(73)  Letter  from  Mr.  Carl  Riordan,  Merritton,  Ont. 

(74)  One  ton  of  mechanical  pulp  requires  a  little  over  a  cord  of  wood;   one  ton  of  chemical  pulp 
requires  a  little  over  two  eords  of  wood. 

(75)  Mines  Report,  P.Q.,  1901. 
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XIV. — Asbestos  and  Mica. 
Asbestos. 

This  mineral  occurs  in  large  deposits  in  the  "Eastern  Townships" 
of  Quebec,  where  it  was  first  worked  in  1878;  from  1880  up  to  the  present 
date  the  production  of  asbestos  has  increased  steadily;  the  output  that 
year  is  given  as  380  tons,  while  in  190 1  over  38,000  tons  are  recorded  in  the 
returns  furnished  by  the  producers.  The  world's  supply  of  asbestos  is, 
for  the  most  part,  obtained  from  Canada,  and  the  Quebec  deposits  have  in 
the  past  proved  to  be  the  most  profitable  mineral  mined  in  the  province. 
Thirteen  mining  companies  are  at  work  in  this  industry,  which  is  principally 
carried  on  at  Thetford,  Lac  Noir,  and  Danville,  giving  employment  to  ap- 
proximately 1,000  men.  Asbestos  is  shipped  largely  to  Great  Britain, 
the  United  States,  Belgium,  Germany  and  France. 

Mica. 

Another  silicate  found  in  Canada  is  mica,  which,  though  occurring  in 
small  quantities,  is  a  not  unimportant  industry;  in  Ontario  there  are 
several  mines  and  a  number  of  works  where  splitting,  trimming,  and  sorting 
the  material  into  saleable  sizes  is  carried  on.  The  Provinces  of  Ontario 
and  Quebec  produce  the  greater  part  of  the  mica  used  in  the  manufacture 
of  electrical  apparatus  in  the  United  States,  and  also  export  not  inconsider- 
able quantities  to  Great  Britain.  The  so-called  "amber"  mica,  or  phlogo- 
pite,  is  preferred  for  this  use  to  other  varieties  on  account  of  its  superior 
flexibility  and  the  thinness  of  the  sheets  into  which  it  can  be  split.  The 
mica  mines  of  the  General  Electric  Company  in  Ontario  produce  large  quan- 
tities of  mica  annually,  and  the  Company  have  trimming  works  at  Syden- 
ham and  Perth.  There  are  also  important  mica  trimming  plants  in  Kings- 
ton and  Ottawa.76 

Conclusion. 

The  new  Canadian  Niagara  Power  Company,  whose  works  are  in  the 
course  of  construction  at  Niagara  Falls  should  give  a  fresh  impetus  to  the 
development  of  industrial  chemistry  locally.  This  will  be  the  first  company 
to  produce  power  on  the  Canadian  side  of  the  Falls.  A  feature  in  the  plant 
is  the  size  of  the  generating  units,  each  of  which  will  have  a  capacity  of 
10,000  horse-power.  They  will  be  more  economical  than  generators  of 
5,000  horse-hower,  will  occupy  but  little  more  space  and  their  cost  will  be 
much  less  per  horse-power  in  comparison.  It  is  expected  that -the  output 
of  the  company  will  be  used  principally  for  Canadian  industries  and  for  such 
public  utilities  in  the  Province  of  Ontario  as  may  be  within  reach  of  long- 

(76)  Letter  from  Mr.  Thoa.  W.  Gibson,  Director  of  Bureau  of  Mines.  Ontario. 
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distance  transmission.  The  power  on  the  American  side  is  employed  by 
some  twenty  or  thirty  firms  engaged  in  such  chemical  industries  as  the  man- 
ufacture of  pulp  and  paper,  silver  plated  goods,  chlorate  of  potash,  caustic 
alkali,  salts  of  tin,  carborundum,  carbide,  graphite,  pure  metallic  lead, 
"alundum" — another  emery  substitute, — cereal  food-stuffs,  nitric  acid 
and  composite  boards  made  from  wood-pulp  and  flax-fibre.  Judging  from 
all  this  there  should  be  a  large  increase  in  he  number  of  chemical  industries 
in  this  neighbourhood  when  the  Canadian  power  station  is  completed  and 
the  current  available  from  the  Falls  to  Toronto. 

The  subjects  that  have  been  considered  in  this  paper  do  not  by  any 
means  exhaust  the  catalogue  of  chemical  industries  in  Canada.  Many 
important  manufactures  have,  for  the  reasons  mentioned  in  the  opening 
paragraph,  been  omitted.  A  short  summary  of  these  will  suffice.  Matches, 
for  example,  constitute  an  important  and  necessary  article  of  daily  use, 
and  are  made  in  enormous  quantities,  practically  all  that  are  used  in  Canada 
being  manufactured  in  the  country.  Brewing  and  distilling  are  carried  on 
extensively  also,  ale,  lager  beer,  and  stout  being  made,  while  Canadian 
rye  whisky  is  known  throughout  the  whole  English  speaking  world ;  even 
a  "Canadian  Scotch"  is  produced  at  Perth,  Ont. ;  brandy  and  champagne 
and  other  wines  are  made  at  Hamilton,  Brantford,  and  Pelee  Island,  on 
Lake  Erie.  Fruit  canning  is  one  of  the  great  industries  of  Wentworth  and 
Essex  Counties,  Ont.;  bacon  packing  and  salmon  canning  may  also  be 
classed  among  those  manufactures  requiring  the  careful  supervision  of  the 
skilled  chemist.  To  the  list  may  be  added  explosives  of  all  kinds;  black- 
ings, varnishes,  japans,  lacquers,  paints  and  shellac,  foodstuffs  and  sauces; 
antitoxines  for  use  in  the  practice  of  medicine  are  made  by  the  Parke  Davis 
Co.  at  Walkerville.  Natural  mineral  waters  are  abundant,  at  St.  Cather- 
ines, in  British  Columbia  and  in  Quebec,  while  manufactured  aerated  waters 
are  made  in  mostly  all  the  important  towns.  The  almost  universal  wearing 
of  india  rubber  foot  coverings  during  the  winter  season  necessitates  the  pro- 
duction of  large  quantities  of  goods  of  this  sort.  Many  large  factories  for 
this  purpose  are  in  existence  from  which  rubber  goods  of  a  superior  quality 
emanate;  dyeing  and  calico-printing  might  also  be  mentioned  as  being  in 
a  flourishing  condition.  The  attitude  of  manufacturers  towards  chemists 
has  of  late  years  been  extremely  favourable,  and  many  have  seen  it  to  be 
to  their  advantage  to  employ  men  trained  in  our  universities  to  investigate 
the  processes  and  materials  employed  in  their  particular  industries.  So 
far  their  employment  has  been  amply  justified  by  the  results,  and  it  is  to  be 
hoped  that  more  may  be  brought  to  see  the  profit  to  be  gained  by  adopting 
scientific  methods  of  work.  The  university  man  who  has  specialized  in 
chemistry  can  ass'st  the  manufacturers  in  this  by  bringing  to  bear  on  the 
rationale  of  the  technical  processes  the  general  scientific  knowledge  which  he 
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has  gained  during  his  college  course,  and  his  experience  of  methods  of  re- 
search and  manipulation;  he  can  thus  materially  benefit  his  employer 
by  improving  the  quality  of  his  products  or  enabling  him  to  turn  out  his 
goods  at  a  cheaper  rate.  Let  the  manufacturer,  be  he  dyer,  tanner,  pulp- 
maker,  or  ironmaster,  indicate  only  that  he  is  willing  to  find  employment 
for  men  educated  in  the  higher  branches  of  scientific  work,  and  the  uni- 
versities of  the  Dominion  will  supply  them.  Where  chemical  processes  are 
used,  it  is  essential  for  the  prosperity  of  this  country  that  all  the  available 
scientific  knowledge  should  be  brought  to  bear  on  them,  in  order  that  they 
may  continue  to  improve  and  to  develop  even  more  than  they  have  done 
in  the  past  decade.  Canada,  with  its  immense  natural  resources,  and  its 
water  power  should,  in  time  and  with  proper  management  and  assistance 
in  the  lines  indicated,  become  one  of  the  largest  producers  of  the  world's 
supplies. 

In  conclusion,  I  wish  to  acknowledge  the  great  assistance  I  received 
in  preparing  the  previous  edition  of  this  paper,  from  Mr.  Fred  P.  Clappison, 
B.A.,  then  Fellow  in  Political  Science  in  the  University  of  Toronto,  who 
gathered  together  for  me  from  all  quarters  much  of  the  information  required 
for  this  short  and  imperfect  account  of  the  chemical  industries  of  the  Do- 
minion. In  particular  his  help  in  connection  with  the  statistics  contained 
m  the  text  and  in  the  appendices  was  invaluable.  Much  of  what  appeared 
before  has  been  repeated,  though  many  alterations,  omissions  and  additions 
have  been  necessary.  To  the  gentlemen  who  so  kindly  answered  enquiries 
as  to  their  particular  industries  and  placed  valuable  material  at  my  disposal 
I  desire  also  to  convey  my  hearty  thanks. 
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Appendix  I. 
The  Iron  Ores  of  Canada. 

Nova  Scotia. — Magnetites  in  enormous  quantities  at  Nictaux.in  Anna- 
polis County,  at  Whyhogomah,  in  Inverness  County.  Specular  and  red 
haematite  at  Nictaux,  Stewiacke,  Pictou,  Antigonish,  Guysboro,  East  Bay, 
and  many  other  points.  Limonite,  specular,  spathic  clay  ironstone  and 
haematite  at  Londonderry.  Mineral  fuel  and  fluxes  are  in  close  proximity 
throughout  the  whole  district.77 

Cape  Breton. — Extensive  deposits  of  brown  haematite,  magnetite,  and 
spathic  ores  lying  adjacent  to  the  great  coal-fields.78 

New  Brunswick. — Magnetite  and  bog  ores.  Coalfields  at  Grand  Lake 
and  hardwood  throughout  the  Province. 

Province  of  Quebec. — Very  extensive  deposits  of  bog  and  lake  ores, 
extending  from  the  Province  of  Ontario  to  Gaspe,  Magnetite  deposits  es- 
pecially good  at  Sherbrooke,  Leeds,  Sutton,  St.  Jerome,  and  in  Pontiac 
County.  Hardwood  and  limestone  abundant.  Deposits  of  chrome-iron- 
stone found  in  1895  in  Coleraine.  The  "Eastern  Townships"  obtain  iron 
by  dredging  in  the  Lac-a-la-Tortue.     Magnetites  at  Hull,  near  Ottawa.79 

Ontario. — Vast  deposits  from  the  Ottawa  Valley  to  head  of  Lake  Sup- 
erior, comprising  magnetite,  red  haematite,  limonite,  specular,  and  oc- 
casional bog  ores.  ,The  Helen  Mine,  at  Michipicoten,  is  said  to  be  one  of 
the  richest  in  the  world.  There  are  also  extensive  forests  of  hardwood, 
especially  suited  for  the  production  of  charcoal,  and  fluxes  in  abundance.80 

Manitoba. — Magnetite,  haematite,  and  bog  ore  on  Lake  Winnipeg. 
Hardwood  in  adundance.81 

British  Columbia. — Magnetic  ores  at  Texada  Island  and  Cherry  Tree 
Bluff.  Coal  and  wood  in  plenty.  Collieries  at  Nanaimo  (Naval  coaling 
station  for  H.  M.'s  ships),  Wellington,  and  Comox.  A  recent  discovery  of 
large  deposits  of  magnetite  has  been  reported  in  the  Boundary  Region, 
which  at  present  mainly  finds  a  use  as  a  flux.82 


(77)  Nova  Scotia  Report  of  Mines,  1901. 

(78)  Report  of  Geological  Survey. 

(70)  Mines  and  Minerals  of  Quebec,  Dept.  of  Mines. 

(80)  Bureau  of  Mines  Report,  Ontario,  1001. 

(81)  Geological  Survey  of  Canada,  11th  Annual  Report. 

(82)  Geological  Survey  of  Canada,  11th  Annual  Report 
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THE  ACTION  OF  NITRATE  OF  SILVER  ON   DISODIUM 
ORTHOPHOSPHATE  IN  DILUTE  SOLUTION. 

By  William  Robert  I,an<»  and  William  Pbrot  Kaufmann. 

Received  July  14,  1905. 

The  generally  accepted  text-book  expression  for  the  reaction 
which  takes  place  between  solutions  of  disodium  orthophosphate 
and  nitrate  of  silver  is  given  as  being 
(i)       Na2HP04  +  3  AgN03  =  Ag3P04  +  2NaN03  +  HN03. 

142. i  509 

indicating  the  complete  precipitation  of  phosphoric  acid  as  a 
silver  salt  and  the  setting  free  of  nitric  acid. 

From  the  molecular  weight  in  (i)  it  will  be  seen  that  i  gram  of 
disodium  orthophosphate  should  react  with  3.57  grams  of  silver 
nitrate. 

In  order  to  determine  the  correctness  of  this  expression,  deci- 
normal  solutions  of  these  were  made  up  and  the  phosphate  ti- 
trated with  the  silver  nitrate,  using  potassium  chromate  as  an 
outside  indicator.  As  the  result  of  from  200  to  300  determina- 
tions it  was  found  that  the  "end-point"  of  the  reaction,  as 
indicated  by  the  first  appearance  of  the  red  silver  chromate, 
invariably  occurred  when  an  amount  of  silver  solution  had  been 
added  corresponding  to  the  proportion  of  1  gram  of  disodium 
orthophosphate  to  only  1.447  grams  of  silver  nitrate.  These 
proportions  would  indicate  that  a  reaction  had  taken  place  as 
expressed  by  the  equation 

(2)       2Na2HP04  +  3  AgN03  -  Ag3P04  +  NaH2P04  +  2NaN03. 

Ostwald,  in  his  "Scientific  Foundations  of  Analytical  Chemis- 
try "  (second  English  edition,  1900),  on  page  204,  gives  this  equa- 
tion (2)  as  being  probably  the  more  correct  expression  of  the 
reaction  taking  place  between  these  substances,  but  adds  that, 
11 it  no  doubt  also  fails  to  express  all  that  goes  on." 

The  analyses  of  types  of  the  resulting  silver  phosphates  may 
be  tabulated  as  follows  : 

The  figures  in  column  (e)  comparing  the  even  with  the  odd, 
show  that  a  greater  yield  of  precipitate  is  obtained  from  the  neu- 
tralized solutions  than  from  those  reacting  acid,  and  a  com- 
parison of  the  yield  of  precipitate  obtained  and  calculated  in  the 
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case  of  the  neutralfzed  solution  makes  it  evident  that  even  in 
such  menstrua  the  phosphate  enters  appreciably  into  solution. 

It  will  be  seen  from  (1)  and  (2),  which  are  typical  of  a  large 
number  of  determinations,  that  the  "end-point"  occurs  at  a  stage 
in  the  reaction  where  only  a  partial  separation  of  the  phosporic 
acid  as  the  silver  salt  has  taken  place.  The  resulting  solution  is 
acid  to  litmus,  which  acidity  is  due  to  the  dihydrogen  sodium 
orthophosphate ;  no  free  nitric  acid  could  in  any  case  be  detected 
at  this  stage.  It  is  evident,  however,  from  these  determinations 
and  from  Nos.  3,  4,  5  and  6  that  equation  (2)  only  expresses 
accurately  what  takes  place  when  silver  nitate  is  added  to  di- 
sodium  orthophosphate  and  the  completion  of  the  reaction 
taken  as  being  indicated  by  the  first  formation  of  argentic 
chromate. 

As  from  these  results  it  was  evident  that  there  remained  a  con- 
siderable quantity  of  phosphoric  acid  in  combination  as  (pre- 
sumably) dihydrogen  sodium  orthophosphate,  silver  nitrate  was 
added  in  excess  to  effect  its  complete  precipitation,  if  possible, 
and  the  precipitates  analyzed.  The  results  are  expressed  in 
percentages  of  silver  which  was  determined  first  of  all  gravi- 
metrically,  but  later  on  Volhard's  method  was  substituted  on 
account  of  the  close  agreement  of  the  gravimetric  estimations. 
The  only  one  of  the  percentages  in  column  (/)  which  accurately 
corresponds  to  the  substance  Ag8P04  is  No.  6,  the  others  showing 
a  deficiency  in  their  silver  content  of  from  0.4  to  1.54  per  cent. 
But  in  the  earlier  stages  of  this  investigation  in  four  cases  precipi- 
tates were  obtained  which  yielded,  on  analysis,  respectively  : 

Silver. 
Per  oent 

(i)  "End-Point"  reaction 73-76 

(2)  "End-point"  overstepped 74-19 

(3)  Large  excess  of  silver  nitrate 73.88 

(4)  Deficiency  of  silver  nitrate 73-62 

Average 73*862 

These  precipitates  evidently  correspond  exactly  to  the  formula 
Ag5H(POj2  which  contains  73.86  per  cent,  of  silver.  The  others 
in  Table  I,  numbered  (i)  to  (5),  lie  between  somewhere  Ag8P04 
with  77.32  per  cent,  and  Ag6H(P04)2  with  73.86  percent,  of  silver. 

The  following  table  contains  the  percentage  of  silver  found  in  a 
number  of  precipitates  obtained  under  similar  conditions  of 
temperature  and  concentration,  but  in  different  total  quantities 
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of  the  reacting  salts.  We  have  found  it  so  far  impossible  to  pro- 
duce at  will  the  phosphate  of  any  desired  composition  but  hope 
that  further  investigation  will  enable  us  to  accomplish  this. 

Table  II.— Silver  Content  in  Percent  ages. 

73  per  cent,  and         75  per  cent,  and        76  per  cent,  and  77  per  cent, 

below  74  per  cent,      below  76  per  cent,     below  77  per  cent.  and  above. 

7349  75-34  76.47  77.0I 

75  23  76.17 

7595  76.77 

75.01  76.47 

75  73  76.25 

76.70 

76.43 
76.52 

76.35 
76.82 

76.57 
76.96 
7625 
76.23 

It  will  be  seen  from  this  that  the  most  commonly  occurring 
precipitates  nearly  approach  that  of  the  composition  Ag3P04  but 
not  quite. 

Having  obtained  the  "end-point"  with  potassium  chromate 
(the  reaction  expressed  by 

2Na2HP04-f3AgNOs  =  Ag3P04-hNaH2P04  +  2NaN03), 
and  having  filtered  off  the  precipitate,  an  excess  of  silver  nitrate 
was  added,  causing  further  precipitation  of  a  phosphate  contain- 
ing 76.25  per  cent,  to  76.5  per  cent,  of  silver.  The  filtrate  from 
this  further  precipitate  was  found  to  contain  free  nitric  acid  and 
also  responded  to  tests  for  phosphoric  acid.  Following  the 
equation  given  above,  it  would  seem  that  the  dihydrogen  sodium 
phosphate  reacted  further  with  the  silver  nitrate  possibly  in 
accordance  with  the  following  equations  : 

(3 )  NaH2P04  +  AgN03 = AgH2P04  +  NaN03 , 

(4)  AgH2P04 + AgN03  =  Ag9HP04  +  HN03. 

(5)  Ag2HP04+AgN03=Ag3P04+HN03. 

Combining  these  equations  there  would  be  obtained  the  ex- 
pression 

(6)  NaH2P044-3AgN03  =  Ag3P04+NaN03+2HN03, 

which  does  not  account  for  the  presence  of  phosphoric  acid  in 
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the  filtrates;  but  if  (4)  and  (5)  are  coupled,  the  precipitate  will 
have  the  composition  Ag6H(P04)2  which  was  obtained  in  the 
four  cases  previously  quoted,  the  production  of  which  can  be 
expressed  by  the  equation 
(7)     2Na2HP04  +  5AgN03  -  Ag5H(P04)2  +  4NaN03  +  HN03. 


Ag3P04.Ag2HP04 

For  an  expression  which  would  account  for  the  presence  in  the 
filtrate  from  the  complete  (?)  precipitation  of  the  silver,  of  both 
nitric  acid  and  of  phosphoric  acid  the  following  is  suggested  : 
(8)  4Na2HP04  +  6AgN03  -  2Ag3P04  +  4NaN03  +  HN03  +  H3P04 

It  would  appear  then  that  the  reaction  between  silver  nitrate 
and  disodium  orthophosphate  takes  place  in  several  distinct 
stages,  and  that  the  formation  of  a  phosphate  containing  about 
76  per  cent,  of  silver  is  the  most  constant  resultant.  Also  that 
free  nitric  acid  and  phosphoric  acid  remain  in  the  solution  from 
which  no  further  precipitate  can  be  obtained  on  the  addition  of 
the  nitrate.  It  is  our  intention  to  further  investigate  this 
matter  specially  as  regards  the  quantitative  composition  of 
these  filtrates  with  a  view  to  determining  whether  or  not  the 
last  six  equations  suggested  (Nos.  3  to  8)  adequately  express 
the  reaction. 

The  Chemical  Laboratories, 
The  University  of  Toronto. 


86.  "  The  interaction  of  hydrogen  sulphide  and  sulphur  dioxide.' 
By  William  Robert  Lang  and  Charles  Macdonald  Carson. 

When  hydrogen  sulphide  is  passed  into  an  aqueous  solution  of  sul- 
phur dioxide  for  several  periods  of  from  two  to  three  hours  on  succes- 
sive days,  a  milky  solution  is  obtained  which  is  termed  Wackenroder's 
solution  (Wackenroder,  "On  Pentathionic  Acid,"  Arch.  Pharm. ,1846. 
48,  272,  140;  Berzelius,  Jahresbericht,  1847,  27,  36).  This  has  been 
investigated  by  Debus  (Trans. ,  1888,  53,  278),  who  proved  the  pre- 
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sence  therein  of  sulphur,  and  sulphuric,  trithionic,  tetrathionic,  and 
pentathionic  acids,  and  probably  hexathionic  acid.  The  salts  of  these 
acids  were  examined  by  Hertlein  (Zeit.  physikal.  Chem.t  1896,  19, 
287),  who  described  methods  for  their  separation  and  their  physical 
properties.  The  explanation  given  by  Debus  for  the  formation  of  the 
polythionic  acids  is  that  tetrathionic  acid  is  a  direct  product  of  the 
reaction  of  hydrogen  sulphide  on  sulphurous  acid,  and  that  the  other 
acids  are  formed  from  it  by  various  subsequent  reactions. ' 

In  order  to  investigate  this,  the  reaction  was  effected,  not  in  solu- 
tion, but  in  the  presence  of  a  very  little  moisture,  without  which  the 
gases  do  not  interact.  A  large  flask  was  surrounded  with  snow,  a 
little  moisture  blown  in,  and  the  two  gases  then  passed  in  at  about 
equal  rates  for  from  two  to  three  hours.  A  heavy  yellow  deposit, 
formed  in  the  body  of  the  flask,  but  not  in  the  neck,  was  probably 
due  to  condensation  of  water  having  taken  place  only  on  the  colder 
portions  of  the  glass.  This  yellow  material  resembled  ordinary  sul- 
phur, was  dry  to  the  touch,  and  quite  brittle.  On  treatment  with  cold 
water,  a  milky  liquid  was  obtained  and  the  substance  became  stringy ; 
this  product,  when  boiled  with  water,  was  rendered  soft  and  elastic. 

Deposits  formed  by  the  above  methods  at  different  times,  on  being 
heated  to  ioo°  for  an  hour,  lost  from  25 — 30  per  cent,  by  weight,  and 
on  estimating  the  sulphur  compounds  contained  in  them  (as  sul- 
phuric acid)  the  amount  never  exceeded  1  per  cent.  Weighed  quan- 
tities of  the  yellow  material  were  allowed  to  remain  in  both  open  and 
closed  tubes  for  several  days  at  temperatures  below  o°,  but  no  change 
was  noticeable  in  any  case.  When  heated  at  ioo°,  the  same  loss  of 
weight  was  observed  as  before;  the  presence  of  hydrogen  sulphide 
could  in  no  case  be  detected.  Since  the  residue,  after  heating,  con- 
tained more  than  99  per  cent,  of  free  sulphur,  it  may  be  concluded 
that  the  polythionic  acids  were  present  in  extremely  small  amounts. 

Several  quantities  of  the  yellow  material  were  next  placed  in 
stoppered  bottles  at  the  temperature  of  the  room.  After  one  day,  the 
sulphur  had  become  pliable  and  elastic  and  was  covered  with  an  oily 
liquid  having  an  acid  reaction,  while  a  strong  odour  of  sulphur  dioxide, 
was  perceptible  on  removing  the  stoppers.  The  amount  of  this  liquid 
seemed  to  increase  after  the  second  day,  and  this  was  proved  to  be 
the  case  on  estimating  the  sulphuric  acid  present  in  quantities  which 
had  stood  for  one  and  two  days  respectively,  and  which  had  after- 
wards been  heated  at  ioo°.  This  liquid  was  then  obtained  in  larger 
quantities,  and  was  found  to  have  a  sp.  gr.  usually  above  1.35,  and  to 
correspond  with  what  is  commonly  called  pentathionic  acid,  and 
which  Debus  showed  to  be  a  mixture  of  polythionic  acids.  Around 
the  neck  of  the  bottles,  while  below  o°,  colourless  crystals  had  formed : 
these  were  in  such  small  amounts  that  their  composition  was  not 
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determined,  although,  on  warming,  they  gave  off  sulphur  dioxide 
and  left  a  deposit  of  sulphur. 

It  would  appear  from  the  above  experiments  that  the  action  of 
gaseous  hydrogen  sulphide  on  gaseous  sulphur  dioxide  produces  first 
sulphur  and  water  according  to  the  equation, 

2HaS  +  SOa=Sa  +  2HaO, 
with  sulphur  dioxide  present  in  the  sulphur  in  considerable  quanti- 
ties.    The  last  two  substances  slowly  interact  at  comparatively 
higher  temperatures,  giving  rise  to  polythionic  acids. 

An  attempt  was  made  to  investigate  the  action  of  anhydrous  liquid 
hydrogen  sulphide  on  liquid  sulphur  dioxide,  but  the  drying  of  the 
gases  was  probably  not  thorough  enough.  About  5  c.c.  of  liquid 
hydrogen  sulphide  were  collected  in  a  thick-walled  glass  tube  sur- 
rounded by  a  freezing  mixture,  dry  sulphur  dioxide  passed  in  until 
the  volume  of  the  mixed  liquids  measured  some  15  c.c,  and  the  tube 
then  sealed  at  the  blowpipe.  A  slight  yellow  deposit  was  formed 
where  the  tube  was  sealed.  After  one  day,  a  thin  yellow  film  had 
formed  at  the  upper  part  of  the  tube  which  gradually  increased, 
and  when  the  tube  was  opened  after  one  week  there  was  found  in  the 
bottom  a  solid  lump  of  sulphur  covered  by  a  clear  liquid.  This  liquid 
when  allowed  to  evaporate,  gave  off  sulphur  dioxide  and  left  a  small 
quantity  of  water  containing  dissolved  sulphur  dioxide. 

Methods  for  the  detection  and  estimation  of  the  different  poly- 
thionic acids  which  will,  it  is  hoped,  enable  the  composition  of  the 
oily  mixture  of  acids  to  be  accurately  determined  are  at  present 
being  investigated. 
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THE  DETERMINATION  OF  BORIC  ACID,  ALONE 
AND  IN  THE  PRESENCE  OF  PHOSPHORIC  ACID. 

BY   RODGBB  J.   MANNING   AND    WILLIAM   R.   LANG. 

In  a  recent  paper  in  this  Journal,  by  Dr.  Milton  F. 
Schaak  (*)  on  methods  of  estimating  bono  acid,  mention 
is  made  of  the  compound  formed  by  this  aoid  and  methyl 
aloohol  in  mixtures  thereof,  its  distillation  and  collection 
over  a  weighed  quantity  of  oalcium  oxide  by  which  the 
ester  is  decomposed  and  the  boric  acid  becomes  fixed  and, 
after  ignition,  is  calculated  by  increase  of  weight  (*). 

Benelius'  method,  used  and  recommended  by 
Thaddeeff  (•),  depends  on  the  formation  of  potassium 
borofluoride  from  the  distilled  trimethyl  borate:  its 
accuracy  is,  however,  found  to  be  doubtful  owing  to 
the  imperfect  insolubility  of  the  compound  (*).  Other 
methods,  such  as  that  of  Partheil  and  Bose  (*)  and  that 
of  Mylius  and  Meusser  (e),are  pronounced  "  unsatisfactory,*' 
"  complicated  "  and  "  tedious." 

This  paper  deals  primarily  with  the  separation  of 
bono  acid  as  the  trimethyl  compound  and  its  subsequent 
gravimetric  estimation  as  the  barium  salt.  The  first 
series  of  experiments  is  connected  with  this,  the  second 
has  reference  to  volumetrio  methods  of  estimating 
bono  aoid  in  the  distillate,  and  the  last  deals  with  its 
direct  titration  in  mixtures  of  other  acids. 

1. — In  order  to  determine,  first,  if  bono  acid  is  com- 
pletely expelled  as  the  trimethyl  salt  by  distillation, 
quantities  of  from  0-5  to  1*5  grms.  of  bono  aoid(7)  were 
plaoed  in  a  retort,  250  c.c  of  methyl  aloohol  added  and  the 
mixture  distilled  at  a  temperature  of  from  66°  to  67°  C, 
when  it  was  found  that  after  distillation  at  this  tempera- 
ture for  an  hour  the  residue  in  the  retort  contained  onlv 
a  small  proportion  of  boric  aoid  and,  after  one  and  a-haff 
hours,  none  could  be  detected. 

The  estimation  of  the  boric  add,  thus  expelled  as  the 
trimethyl  compound,  with  barium  ohloride  solution  was 
proceeded  with.  Known  amounts  of  borio  aoid  were 
dissolved  in  methyl  aloohol  (•),  plaoed  in  a  retort,  and  the 
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distillate  allowed  to  mix  with  a  concentrated  aaueous 
solution  of  barium  chloride  The  tri methyl  borate 
reacts  with  the  water  according  to  the  equation — 

B(OMe)s  +  3^0  =  B(OH)a + 3MeOH. 

The  boric  acid  thus  liberated  reacts  with  the  barium 
chloride  to  form  barium  borate  and  free  hydrochloric  acid 
in  which  the  former  dissolves.  Caustic  alkali  was  then 
added  and  the  resulting  precipitate  of  barium  borate, 
Ba(B02)2,  washed  with  alcohol  till  free  from  all  traces  of 
chlorides,  dried  at  110°  C.  and  weighed  on  a  tared  filter. 
The  resulting  weights  of  precipitate  were  in  all  cases  too 
high  and  this  was  found  to  be  due  to  the  presence  of 
barium  hydroxide  which  was  precipitated  on  concentrating 
the  solution  from  nitration  (•).  1  he  proceeding  was  then 
modified  to  obviate  this,  and  the  liberated  hydrochlorio 
acid  in  the  reaction — 

2B(OH)3  +  BaCl2  =  Ba(B02)2 +2HC1 +2H20 

neutralised  accurately  by  means  of  semi-normal  sodium 
hydroxide  with  phenolphthalein  as  indicator.  The  use 
of  this  strong  solution  of  sodium  hydroxide — and  also  of 
barium  chloride— was  necessary  to  prevent  tho  solution 
of  part  of  the  barium  borate  in  water,  in  which  it  was 
found  to  be  appreciably  soluble.  Weighing  the  precipi- 
tated barium  salt  gave  results  corresponding  to  99*68  per 
cent,  of  the  theoretical. 

Being  now  fully  satisfied  with  the  accuracy  of  this 
method,  determinations  of  the  bono  acid  in  pure  borax 
were  undertaken.  Amounts  of  borax  of  about  1  grm. 
were  weighed  out,  mixed  carefully  with  from  20  to  30  c.o. 
of  concentrated  sulphuric  acid  and  added  to  360  c.c.  of 
methylated  spirit  (8)  contained  in  a  retort.  An  excess  of 
sulphuric  acid  was  found  to  be  necessary  to  prevent 
the  reprecipitation  of  the  salt  by  the  alcohol.  The  mixture 
was  then  subjected  to  distillation  at  a  temperature  of 
from  05° — 70°  C.  and  it  was  found  advisable  to  keep  the 
bulk  of  the  alcoholic  solution  approximately  constant 
by  leading  into  the  retort  from  a  distilling  flask  a  further 
supply  of  spirit.  About  30  minutes  sufficed  to  carry 
over  most  of  the  boron  compound,  but  results  showed 
it  to  be  necessary  to  continue  the  distillation  much 
longer.  A  period  of  one  and  a  half  hours  was  therefore 
chosen  as  the  best  time  for  the  operation.  The  deter- 
mination of  the  boric  acid  was  done  as  described  pre- 
viously, and  a  number  of  estimations  showed  that  tho 
borax  could  be  estimated  in  this  way  with  only  a  very 
small  error. 


Wt.  of  borax  taken.   ,  Wt.  of  Ba(B02),. 


Percentage  found. 


0-0728  grm.  1-1262 

0-0700     ,.  1-1270 


0-0364 


1-0000 


00-0 
09*4 
90*0 
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The  presence  of  any  appreciable  comparative  amount  of 
water  in  the  retort  is  to  be  avoided,  as  the  tri methyl 
borate  would  then  be  decomposed,  yielding  the  alcohol 
and  boric  acid,  which  would  not  distil  over ;  the  result 
would  then  be  too  low. 

This  method  was  further  applied  to  mixtures  containing 
phosphates  and  sulphates  in  addition  to  borates  with 
perfectly  satisfactory  results. 

2.  Volumetric  estimation  with  previous  distillation. — 
As  boric  acid  can  be  titrated  with  standard  sodium 
hydroxide  in  the  presence  of  glycerine,  and  the  end- points 
in  the  formation  of  sodium  borate  indicated  by  phe- 
nolphthalein,  several  determinations  were  tried  after 
decomposing  the  borate  in  alcoholic  solution  with  sulphuric 
acid.  The  apparatus  used  was  the  same  as  in  the  previous 
experiments  :  the  distillate  was  collected  in  water,  made  up 
to  a  litre  and  aliquot  portions  taken  for  titration.  To 
each  portion  thus  taken  it  was  found  necessary  to  have 
about  one-third  of  the  bulk  of  the  solution  glycerine(10). 
The  results  of  the  titration  gave  99*75  per  cent,  of  the 
boron  compound,  this  error — 0*25  per  cent. — being  con- 
siderably less  than  the  literature  on  the  subject  would 
lead  one  to  expect. 

3.  Direct  volumetric  estimation  in  the  presence  of  phos- 
phates and  sulphates. — A  mixture  of  a  phosphate,  a 
8ulphate(11)  and  a  borate  were  treated  with  decinormal 
sulphuric  acid  till  acid  to  Methyl  Orange,  thus  setting 
free  phosphoric  and  boric  acids.  Decinormal  sodium 
hydroxide  was  then  run  in  until  the  solution  was  neutral 
to  Methyl  Orange,  which  was  found  only  to  indicate 
the  end  of  the  formation  of  the  sodium  dihydrogen 
phosphate ;  a  still  further  amount  of  alkali  had  to 
be  added  before  the  solution  began  to  react  alkaline 
with  phenol  phthalein  showing  that  the  di  sodium 
compound  had  been  formed  (12).  The  boric  acid 
not  being  neutralised  at  once  in  aqueous  solution 
by  alkali,  glycerine  was  then  added,  and  the  titration 
of  the  boric  acid  completed.  The  results  are  given  below 
from  which  the  accuracy  of  the  method  may  bo  seen  : — 


Amount*  of 
NasB407,10Hi 

>o. 

Amount  formed  by 
titration  as  above. 

0-2385  grm. 
0-2085      .. 
0*3823      „ 

Average 

Per  cent. 

00-82 
00-85 
00*05 

Error. 

0-2300  grm. 
0-2000      .. 
0-3824      „ 

0-18 
0*15 
0-05 

00-88 

0-126 

An  error  avoided  here  by  titrating  the  solution  pre- 
viously with  the  sodium  hydroxide  till  neutral  or  faintly 
alkaline,  is  the  quantity  of  alkali  of  necessity  absorbed 
by  the  water  before  the  first  trace  of  alkalinity  is 
apparent.     Experiments  showed  this  to  be  an  appreciable 
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amount :   in  the  case  of  60  c.c.  alcohol  and  60  c.c.  water, 
0-0016  grm.  potassium  hydroxide  was  required. 

The  authors  intend  applying  these  methods  to  the 
determination  of  boric  acid  in  food  stuffs. 


(»)  1005.  600. 

(»)  See  Gooch.  Ann.  Chem.  J.,  9,  28 — 33,  and  Montemartini 
Gazx.  chim.  Ital.,  28*  344—348. 

(•)  This  J..  1808.  053. 

(*)  See  (»)  and  (»). 

(*)  Ber.,  1001.  3611. 

(•)  Ber..  1004,  307,  and  this  J„  1004.  260. 

(7)  The  composition  of  the  boric  acid  employed — whether 
B(OH)i,  HBO.  or  H,B407— wa»  determined  by  estimating  the 
amount  of  BtOg  contained  in  it.  A  weighed  amount  of  boric 
anhydride,  formed  by  fusing  the  boric  acid  to  a  clear  glass,  was 
dissolved  in  water  and  titrated  against  potash  with  phenolphthalein 
as  indicator.  A  weighed  amount  of  Doric  acid  was  also  titrated 
against  the  same  potash.  Hence  the  percentage  of  BtOg  in  the 
acid  used  was  found.  In  these  titrations — and  all  subsequent 
ones  in  the  second  part  of  this  paper — 26  to  80  per  cent,  of  glycerine 
was  used,  as  it  is  found  that  the  neutralisation  of  boric  acid  by 
alkali  cannot  be  done  with  any  degree  of  accuracy  except  in  the 
presence  of  glycerine  or  other  polyatomic  alcohol.  ( E.  T.  Thomson, 
this  J..  1803,  432.) 

(•)  Ordinary  methylated  spirits  (free  from  mineral  oil)  were 
found  to  act  equally  well. 

(•)  Pure  sodium  hydroxide  was  used,  prepared  from  metallic 
sodium. 

(»•)  See  note  (T).  Also  J.  Amer.  Chem.  Soc.,  1808.  288. 
The  determinations  were  done  before  the  above  papers  were 
noticed. 

(1X)  The  sulphate  might  have  been  omitted,  as  it  took  no  part 
in  the  subsequent  reaction. 

(")  A  strong  solution  of  disodium  hydrogen  orthophosphate  is 
slightly  alkaline  to  phenolphthalein.  Comparative  experiments 
were  made  with  varying  amounts  of  a  saturated  solution  of  this 
salt  and  equal  quantities  of  water;  phenolphthalein  added  to 
each  and  decinormal  potassium  hydroxide  added  to  the  water  till 
the  shades  of  pink  were  identical : — 


Phosphate 

!            Alkali  required  for 

solution  in  c.c. 

50  c.c.  of  water. 

0-00 

0*02  c.c. 

0*50 

0-06    „ 

1-00 

0-08    „ 

2-00 

009    „ 

3*00  made  up 

0-10    ,. 

4*00  to  60  c.c. 

0-11    .. 

6-00 

0-12    „ 

6-00 

012    „ 

7-00 

0-12    .. 

8-00 

0-12    ,. 

For  most  solutions  of  this  salt,  therefore,  a  deduction  of  0*1  c.c. 
would  be  the  maximum  correction  necessary. 
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Methods  that  have  been  used:  i,  Integration  by  partial fractions ; 
ii,  Integration  by  series;  iii,  Integration  by  exponentials; 
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r 

a.  — Assuming  K2  \  F{x).dt  —  o. 
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B.  Calculation  of  Kx  and  Kv 

Mr.  Clark's  measurements. 

Test  of  the  accuracy  of  the  methods. 

Part  I.    Theoretical 
Introduction 

In.  recent  investigations  in  Chemical  Kinetics  there  occur 
differential  relations  of  the  type, 

d-*t  =-  K(A  -  %y  (B-jO«(C  -  *)n  (0 

where  /,  m,  n,  are  positive  or  negative,  and  generally,  though 
not  always,  integral.     The  problem  is,  in  any  case,  to  discover 
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values  of  K,  /,  m9  n  that  suit  the  particular  reaction.  The 
method  of  solving  it,  is  to  assume  values  of  /,  m,  n,  and  then 
to  examine  whether  for  different  values  of  t  and  the  corre- 
sponding values  of  x  the  value  of  K  is  constant.  But  to 
do  this  we  need  the  integral  of  the  equation  (i),  and  this  in- 
tegral can  seldom  be  found  in  a  form  that  lends  itself  to  ready 
computation.  In  such  cases  methods  of  approximation  have 
been  employed.  A  short  discussion  of  these  methods  will 
first  be  given,  and  this  will  be  followed  by  an  account  of  a  method 
which,  though  implying  in  the  end  a  mechanical  quadrature, 
is  on  its  theoretical  side,  rigorous.  Further,  the  area  as  found 
by  the  planimeter  or  other  means,  represents  a  degree  of  ac- 
curacy quite  as  high  as  the  experimental  data  warrant. 

Methods  that  have  been  used 

(I)     Integration  by  Partial  Fractions 

In  equation  (i)  assume  /,  w,  n,  to  be  positive  integers; 
then, 

K  \dl=  \    (A  —  xy(B^^{C  —  x)*'  (2) 

Therefore, 


K/  = 


'r—l  t—m  r  =  n 


(A  —  xy  +  2j  (b— xy  "*"  ^  (c—xy 

r  —  i  r  —  i  f  =  i 

1  he  integration  yields  I  +  m  +  n  —  3  terms  of  the  type, 

r— 1  '  (A  —  x)r~l 
and  3  terms  such  as, 

I^.log,  (A  —  x)t 

where  Lr,  Mr,  Nr  are  functions  of  A,  B,  C,  which  can  be  deter- 
mined, and  hence  K  can  be  calculated. 

When  certain  of  the  exponents  I,  m,  n  are  negative  the 
integral  is  evaluated  in  a  somewhat  similar  manner. 

This  method  is  the  one  commonly  employed  and  it  im- 
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plies  that  /,  m,  n  are  integers.  The  calculation  is  complicated 
when  some  or  any  of  the  positive  exponents  are  at  all  large. 
For  the  case,  /  =  m  =  n  =  1,  the  values  are  easily  found.1 

(II)     Integration  by  Series 
Equation  (2)  may  be  written, 


KA^C* 


W(-ir(-D""(-?r*  0 


dx. 


Therefore, 

R=7LI+Ua-,B+c)  +  3(-4&J  +  AB+-)+-J     (5) 

where  R  =  K  A7  Bm  C,  that  is,  the  initial  rate. 

This  series  is  only  rapidly  convergent  when  the  ratios, 

X     X    X 

\>  \^>  \\y  are  small,  and   the   calculation   becomes  tedious  for 
A  B  C 

values  of  these  ratios  greater  than  about  one-fourth. 

This  method  was  used  in  calculating  the  values  of  R  in 
the  measurements  of  the  rate  of  oxidation  of  potassium  iodide 
by  chromic  acid.2  The  values  of  R  are  very  close  approxima- 
tions. In  the  case  where  x  was  greatest  (12  percent  of  the 
least  concentration,  A),  an  error  of  only  1  percent  was  made  by 
neglecting  the  fourth  term  of  the  series  in  (5).  When  the  co- 
efficients of  x2,  *s,  etc.  are  determined  for  any  sot  of  initial 
concentrations,  the  calculation  of  R  (or  K)  is  then  very  easy; 
this  is  therefore  a  good  method  to  employ  if  there  are  many 
measurements  in  a  set  of  experiments  of  the  same  initial  con- 
centrations. 

(Ill)     Integration  by  Exponentials 

This  method  was  introduced  by  Profs.  W.  Lash  Miller 
and  T.  R.  Rosebrugh.3 

1  Fuhrmann  :  Zeit.  phys.  Chem.,  4,  89  (18S9). 

1  De  Lury :  Jour.  Phys.  Chem.,  7,  239  (1903).     Expts.  15,  16,  17,  25,  26, 
27. 

8  Trans.  Roy.  Soc.  Canada,  Sec.  3,  73  ( 1903). 
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Equation  (1)  may  be  transformed  into 

K,/  =  I  e~z z-ldz  +  r\q\e-z z*-1  dz 


—s\q*  \  e~*  zir-i  dz%  etc.,  (6) 

where    Kn  q,  r,  s,  and  z  are  expressible  in  terms  of  A,  B,  C,  /, 
w,  #,  and  x. 

Numerical  values  of  certain  of  these  functions  have  been 
computed;  and  by  means  of  these  tables  the  values  of  K  can 
be  calculated.  The  method  is  adapted  to  cases  in  which  one 
concentration  is  smaller  than  the  others  and  holds  for  all 
real    value?    of   the    exponents. 

;  (IV)     Direct  Use  of  the  Differential  Equation 

W.  C.  Bray  has  recently  described  a  method  for  the  cal- 
culation of  K  from  the  differential  equation.1 

If,  for  example,  the  rate  proceed  in  accordance  with  the 
equation : 

dx\dt  =  K(A  —  x)  (B  —  xy  (7) 

he  calculates  values  of  £,  defined  by 

dx\dt  =  k(A  —  x) 

from  successive   pairs  of  x  and  t ;  and  from  them  obtains  K  by 
the  relation 

k  k 

K  =  (B— \)»  =  (B-*2)'  (8) 

from  which  K  can  be  calculated. 

This  method  is  particularly  good  when  A  is  small  rela- 
tively to  the  other  concentrations.  When  there  are  several 
concentrations  of  about  the  same  magnitude,  and  when  the 
exponents  are  high,  or  arc  not  integral,  or  are  variable,  difficul- 
ties arise  in  the  use  of  this  method;  however,  it  should  be  of 
service  in  the  study  of  complex  reactions  such  as  that  treated 
by  Bray  in  the  paper  cited. 

1  Jour.  Phys.  Chem.,  9,  573  (1905). 
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The  above  methods  are  somewhat  limited  in  their  ap- 
plication. The  last  three  methods  are  approximate,  but  they 
will  furnish  for  many  cases  approximations  sufficiently  close. 
The  following  method,  general  in  its  application,  evades  com- 
putations except  those  numerical  reductions  necessary  for 
the  construction  of  the  curve,  gives  results  as  accurate  as  the 
results  of  the  experiments  sanction,  and  reveals  readily  the 
values  of  the  exponents. 

The  Method  of  Areas1 

(I)     General  Case 

Suppose  the  reaction  to  take  place  according  to  the  fol- 
lowing equation, 


^  =  K.F(4  (9) 


We  have  then, 


dx  =  K\  V(x).dt 


and  therefore, 


x  =  K\   V(x).dt.  (10) 


If  the  curve  F(x),  /  be  plotted  as  in  Fig.  1,  where  PQR  is  the 
curve  F(#)    /  we  have, 

1  This  method  suggested  itself  to  the  writer  in  April,  1905,  while  study- 
ing a  case  of  complex  oxidation:  "The  Rates  of  the  Reactions  in  Solutions 
Containing  Arsenious  Acid,  Potassium  Iodide,  Potassium  Bichromate,  and 
Sulphuric  Acid,"  which  is  about  to  be  published.  While  writing  the  present 
paper  his  attention  was  called  to  the  article  on  Mittlere  Geschwindigkeit  by  A. 
Fuhrmann  (Zeit.  phys.  Chem.,  4,  520  (1889);  also,  "  Differential-  und 
Integralrechnung"  by  the  same  author),  who  has  given  an  excellent  mathematical 
treatment  of  the  subject  of  average  rate.  The  writer  knows  of  no  instance 
where  the  ideas  given  in  this  paper  have  been  applied  in  the  study  of  Chemical 
Kinetics. 
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x  =  K  \  F(*).<// 


=  K  X  area  (OPQRT). 


(ii) 


By  methods  described  below,  the  area  (OPQRT)  can  be 
found  accurately  and  hence  the  constant  K  can  be  calculated 


Fig.  i 

for  any  assumed  indices  in  the  function,  F(#),  and  in  this  way 
the  appropriate  exponents  can  be  determined. 

Measurement  of  the  Area 

By  using  the  experimental  values  of  x,  or  preferably  those 
taken  from  the  x,  t  curve  (as  in  Fig.  2),  the  function  F(#) 
can  be  calculated,  and  the  curve  F(x),  t  (as  in  Fig.  1),  can 
b    plotted  on  section  paper  to  a  suitable  scale  (as  large  as  pos- 

r 

sible).     (a)     The  areas,  \    V(x).dt,  can  then  be  quickly  found 

by  means  of  a  planimeter.  A  good  instrument  will 
enable  the  operator  to  find  the  areas  in  question  as  accurately 
as  the  curve  can  be  plotted  (see  Table  VII,  Part  II).  If  a 
planimeter  be  not  available  the  area  may  be  calculated  by 
employing  certain  approximate  formul  s  for  the  area. 

(b)     By  regarding  the  area  as  made  up  of  a  series  of  tra- 
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peziums  of  equal  base,  A/,  the  area  is  expressed  approximately 
thus, 

Area  =  A/(F0  +  F1  +  Ff+ +  FJ-A/.  F°  +  F*      (12) 

2 

where  F0,  F,,  F2,  ...  .Fw,  are  the  values  of  F(x)  when  /  =  o, 
A/,  2A/, . . .  nA/.  This  formula  is  easily  applied  and,  in  general, 
gives  close  approximations  without  taking  n  very  large. 

(c)     Some  of  "Simpson's  Rules" *  may  be  applied,  or  the 
squares  of  the  section  paper  may  be  counted,  or  if  the  paper 
,  is  sufficiently  heavy  the  areas  may  be  found  by  weighing. 

Reverse  or  Successive  Reactions 
Suppose  we  have, 


^=Kl.F1(*)±K,.F,(*)  (13) 


then, 


x  =  K,  \    F^-r).  dt  ±  K,  \  Vt{x\dL  (14) 


This  is  the  general  relation  showing  the  progress  of  a 
reaction.  In  many  cases  the  amount  of  change  due  to  reverse 
or  successive  reactions  is  negligible;  sometimes  also  there  are 
instantaneous  successive  reactions:  in  such  cases  equation 
(10)  would  be  used  in  place  of  equation  (14).  When,  how- 
ever, the  change  due  to  reverse  or  successive  reactions  is  not 
negligible,  by  plotting  Fj(x)  and  F2(#),  the  values  of  K,  and 
K2  can  be  found  by  means  of  equation  (14),  any  two  experi- 
mental values  of  x  with  their  corresponding  measured  areas 
being  used. 

Equation  (14)  generally  takes  some  such  form  as, 

x=  KA  (A—  ^)7(B  —  x)mM—  K,\  (C  —  x)"(U—  xy.dt.      (15) 


1  See  Williamson's  Integral  Calculus,  p.  212. 
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It  may  be  possible  to  determine  one  of  the  constants  by  choos- 
ing conditions  such  that  the  amount  of  change  due  to  the  other 
rate  is  negligible.2  In  many  cases,  however,  this  is  not  neces- 
sary, as  equation  (15)  is  easily  applied, 

(II)     Special  Case:  F(*)  =  A  —  x 

Let  equation  (10)  take  the  form, 


x  =  K  \  (A  —  x).dL 


(16) 


Then, 


x=  K(A/  — \   x.dt) 


=  K.  J  area  (OPQT)  —  area  (OSRT)} 
=  K.  area  (OPQRS)  (17) 


Fig.  2 
where  ORS  is  the  curve  x,  t  (Fig.  2),  and  OP  =  A. 
Also, 


?  =  K(A-j\  x.dt) 


(18) 


x  . 


where  -•  is  the  average  rate  during  the  interval  .  =  o  to  t  =  /, 

i' 

1  As  in  the  case  of  iodide  oxidation  by  arsenic  acid  :  See  Part  II,  Table  I, 
for  applications  to  this  case. 
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I  ' 


and   -  \  x.dt  is    the  effective  average  value  of    A  —  x,  that 

Jo 

is,    the     effective     average    concentration    of    the    chemical 
represented  by  A.     Writing  X  for  the  effective  average  value 

of  x  that  is,  for  -  \   x.dt,  we  have, 


7  =  K.(A  — X).  (19) 

(III)     Approximate  Treatment:    The   Method  0/  Approximate 

Effective  Averages 

By  extending  the  idea  of  effective  averages  a  useful  approx- 
imate formula  is  obtained  as  follows :  If  the  reaction  be  rep- 
resented  by   the   equation, 

J  =  K(A  -  *)(B  -  *)«(C  -  xy  (20) 

where  B  and  C  are  large  relatively  to  A,  we  have  as  a  first  ap- 
proximation 

j  =  K(A  -  X)  (B  -  -)>»  (C  -  f)-  (21) 

t  22 

where  X,  as  used    above,    has    the   value  -  \   x.dt.     A  much 

closer  approximation  is  furnished   by  the  following  equation, 

*  =  K(A— X)  (B—  X)"  (C— X)»  (22) 

where  A  —  X,  B  —  X  C  —  X,  are  approximate  effective  aver- 
age concentrations.  Under  certain  conditions  equation  (22) 
is  a  very  close  approximation  (see  Tables  of  Part  II).  The 
smaller  the  value  of  m  +  n  the  closer  the  approximation; 
it  is  therefore  very  close  when  some  of  the  exponents  are 
negative.  The  difference  between  (22)  and  the  exact  equa- 
tion (10)  cannot  be  easily  expressed  mathematically. 
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(IV)     Application  of  the  Above   Methods  to  the  Determination 

of  the  Exponents 

(a)  Equation  (22)  may  be  employed  in  the  form, 
o  =  log  K  +  log  (A  —  X)  +  iw.log  (B  —  X)  + 

».log(C-X)-log*.     (23) 

By  using  a  sufficient  number  of  values  of  x  and  t,  the  numbers 
K,  m,  n,  may  be  calculated  approximately. 

(b)  For  any  assumed  exponents,  equation  (10)  can  be 
easily  tested.  F(x)  is  calculated  by  logarithms  and  if  these 
be  put  down  systematically  it  will  be  an  easy  matter  to  calcu- 
late this  function  for  various  sets  of  exponents.  However, 
the  following  method  may  be  employed : 

Suppose, 

<fc=K. /(*)./,(*)  (24) 

where  ft(x)  and  }2(x)  are  functions  of  x.  If  }2(x)  be  plotted 
and  }x(x)  be  a  simple  function  (such  as  A  —  x),  we  have  as  a 
close  approximation, 


*=/t(X).\  f9(x).dt.  (25) 


For  example,  if, 


x  =  K.  \    (A  —  x)<  (B  —  x)m  (C  —  x)» .  dt 


we  have  approximately, 

x=K.(A-X)M    (A  —  x)'~r  (B  —  x)m  (C  —  x)*.dt       (26) 

where  r  is  supposed  small  (e.g.,  r  =  1).  So  that  if  the  function 
had  been  plotted  for  the  exponents  /  —  r,  m9  n  the  values  of 
K(A  —  x)r  and  hence  of  K  can  be  found  very  closely  by  means 
of  equation  (26).  This  approximation  will  be  of  use  in  tracing 
the  change  in  r  where  r  is  variable,  as  in  the  case  of  iodide  oxi- 
dized by  chromic  acid    mentioned  above). 
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Part  II.    Practical  Applications 

In  the  following  applications  of  the  foregoing  principles, 
the  curves  used  in  measuring  the  areas  were  plotted  to  a  suit- 
able scale  on  millimeter  section  paper.  The  areas  were  meas- 
ured by  means  of  a  planimeter,  the  arm  being  adjusted  so  that 
a  reading  of  1000  corresponded  to  100  square  centimeters. 
No  difficulty  was  experienced  in  getting  duplicate  readings  to 
agree  (see  Table  VII).  These  readings  were  then  reduced 
to  the  proper  unit. 

(/)  Mr.  Roebuck's  measurements  on  the  Hates  of  the  Re- 
actions  in  Solutions  containing  Arsettious,  Arsenic,  and  Sul- 
phuric Acids,  Iodine  and  Iodide.1     (Table  I). 

{A)  Comparison  of  Different  Methods  of  Calculation 
This  case  is  chosen  as  it  affords  a  ready  means  of  comparing 
the  results  of  several  methods  of  calculation,  namely,  the  expo- 
nential method  (employed  by  Roebuck  in  his  original  paper), 
Bray 's  method  of  employing  the  differential  equation,  the  method 
of  areas,  and  the  method  of  approximate  effective  averages. 
When  iodide  is  oxidized  by  arsenic  acid,  the  arsenious  acid 
and  triiodide  formed  react  reversely.  According  to  Roebuck, 
the  law  governing  the  reaction  (apart  from  a  slight  deviation 
in  the  exponents  of  the  concentrations  of  iodide  and  sulphuric 
acid)    is    as    follows, 

J  =  K1(C-x)(D— x)  (E-*)-K,**(C-*)-'(D-*)-S  (27) 

where  x  denotes  the  amount  of  triiodide,  and  therefore  the 
amount  of  arsenious  acid  formed,  and  C,  D,  E  denote  respec- 
tively the  amounts  of  potassium  iodide,  sulphuric  acid  and  ar- 
senic acid  initially  present. 

For  this  case  then,  equation  (14)  assumes  the  form  : 

x=KA    Vx(x).dt—  K2\    Vt{x).dt 


1  Roebuck:  Jour.  Phys.  Chem.,  6,  365  (1902)  ;  9,  727  (1905).     See  also 
Bray:  Ibid.,  9,  573  (1905). 
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—  K,\   (C— x)  (D— x)  (E—x)dt 


—  Kt.  \    **.(C  —  *)-*  (D  —  x)~'dt.      (28) 

Jo 

In  Roebuck's  notation,  Kt  is  fe6.V~~3,  and  K2  is  fes.V,  where  V 
is  the  volume  in  litres. 

Sx 
F^dt  =■  o. 

If  we  neglect  the  second  term  (representing  the  rate  of  oxi- 
dation of  arsenious  acid  by  triiodide)  we  may  calculate  fe6,  which 
will  then,  of  course,  vary  (in  most  of  Roebuck's  measurements 
this  variation  is  negligible),  by  means  of  the  equation, 

x  =  kb.V-*.  I    (C  —  *)(D  —  x)(B  —  x)dt  (29) 

or  approximately  (see  equation  (22)), 

x  =  k^.V^t  (C  —  X)  (D  —  X)  (E  —  X)  (30) 

where  X  =  -\    x.dt,  that  is,  the    effective   average  value  of 

Jo 

x  for  the  interval  t. 

The  curves  F^jr),  t  and  x,  t  were  plotted  (as  in  Fig.  3),  the 

Sx  f*x 

Vx(x).dt  and  \  x.dt  measured,  and  the  values  of  kh  cal- 
o  Jo 

culated  employing  equations  (29)  and  (30).  The  con- 
stants thus  calculated  are  denoted  by  (29),fc5  and  (3o),fc6 
in  the  following  table.  In  this  table  the  values  of  /,  x,  and 
fe5  are  taken  directly  from  Roebuck's  Table  XXVIII.  The  val- 
ues of  (dif),feB,  that  is,  the  constants  calculated  by  using  the 
differential  equation  (see  equation  (8)),  are  taken  from  Bray's 
Table  XXVIII. 
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(b)     Assuming  k%  =  0.28 

The  constant   (3i),fe6  is  calculated  from  equation   (28), 
assuming  the  value  of  4,  to  be  0.28  (as  Bray  does  in  calculat- 


ing- 3 
ing  (dif),&5).     For  making thiscalculation  the  curve  F2(x),t  was 
plotted,  and  from  the  areas  measured,  (3i),&5  was  obtained  by 
means  of  the  relation. 


*+*,.V.  \  F,(x).dt 


=  (29),  K  - 


(30 


(c)     Comparison  of  the  "  Constants  " 

It  will  be  seen  from  Table  XXVIII  that  (3o),fe&  is  practically 
identical  with  the  "constant"  (2Q),fe6,  while  As  which  was  cal- 
culated by  the  exponential  method  grows  smaller  and  smaller 
as  x  increases,  as  would  be  expected.  A  comparison  of  ($i),kt 
and  (dif),fca  shows  the  latter  to  be  somewhat  erratic.  The  reason 
.that  the  various  approximations  are  so  close  to  those  calculated 
by  the  area  method,  is  that  C  and  D  are  much  larger  (seven 
times)  than  E. 
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(B)     Calculation  of  Kx  and  K2  Assuming  the  Exponents 

as  in  Equation  (28) 

Kx  and  K,  were  calculated  from  equation  (28),  the  two 
values  of  x  necessary  in  each  case  being  taken  from  successive 
measurements  in  Roebuck's  Table  XXVIII. 

From  these  numbers  the  constants,  (28),£6  and  (28),fea 
were  calculated  from  the  relations,  Kx=  (28),  fe6.V~~3  and  K2  = 
(28),fea.V.  The  value  of  (28),fc5  is  the  same  as  the  initial  value 
of  (29),fc5  in  calculating  which  the  other  rate  was  neglected: 
this  is  natural,  as  of  course  the  other  rate  is  practically  zero 
at  the  beginning  of  the  experiment.  The  constant,  (28),fcs, 
is  found  to  be  0.049,  that  is,  about  one-sixth  the  value  of  kz 
(viz.,  0.28)  found  in  experiments  where  the  concentrations  were 
very  different  from  those  of  Table  XXVIII.  This  points  to 
a  change  in  the  constant  itself  or  (as  Roebuck  supposed)  to 
a  change  in  the  values  of  the  exponents,  and  shows  that  the  two 
assumptions,  viz.,  that  fe8  =  0.28,  and  that  the  exponents  are  the 
same  as  in  equation  (28),  cannot  both  be  true  for  concentrations 
such  as  those  used  in  the  experiments  of  Roebuck's  Table 
XXVIII.  It  is  consequently  not  surprising  to  find  that  the 
constants  (31),^  and  (dif),fc5  rise  in  value — either  the  correc- 
tion for  the  rate  of  oxidation  of  arsenious  acid  by  triiodide  is 
too  great,  pr  the  exponents  of  the  other  rate  are  too  low.     It 

k 
is  also  not   surprising  that  ,*,  calculated1   on  the  above  two 

assumptions,  is  five  or  six  times  greater  than  the  equilibrium 
constant,  K6,2  which  is  calculated  on  the  one  assumption.  Since, 
moreover,  the  numbers,  (28),feg  and  (28),fe5  (in  the  following 
Table  I),  are  calculated  on  the  one  assumption  that  the  expo- 
nents are  the  same  as  in  equation  (28),  their  quotient  (the 
equilibrium  constant)  should  be  the  same  as  Kfl2  of  Roebuck's 
Table  XXXIII,  which  was  calculated  on  the  same  assumption, 

1  Roebuck:  Loc.  cit.,  p.  396,  ~  --       .\', .  —  8.6  X  105,    or    better, 

0.28 

3.7  X  10-7' 

2  Ibid  :  Table  XXXIII,  p.  395- 
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the  concentrations  being  about  the  same  in  the  two  tables. 
Such  we  find  to  be  the  case,  for, 

(11$  =  £?*&*  -'•»  x  «*-«.-.  s  x  ><••■ 

It  is  probable,  however,  that  this  value  of  the  equilibrium 
constant  is  not  correct,  since  the  exponents  of  the  equation 
(28)  do  not  hold  for  the  concentrations  of  the  table  from  which 
it  is  calculated  (see  Roebuck  s  second  paper) . 

(C)     Mr.  Clark's  Work  on  the  Rate  of  Oxidation  of  Iodide  by 

Bromate  in  Acid  Solution 

Mr.  R.  H.  Clark  gives,  in  a  paper  about  to  be  published, 
the  following  equation  to  represent  the  rate  of  oxidation  of 
iodide  by  bromate  in  acid  solution, 

£  =  K(A  -  x)  (B  -  x)  (C  -  xy  (32) 

where  A,  B,  and  C  denote  the  amounts  (in  equivalents)  of 
bromate,  iodide  and  acid  respectively,  initially  present,  and 
x  denotes  the  amount  (in  the  same  unit)  of  iodide  oxidized 
in  t  minutes.  Several  investigators  (see  the  above-mentioned 
paper)  have  studied  this  reaction,  but  have  not  interpreted 
their  measurements  as  in  (32).  Some  of  their  measurements 
have  been  recalculated,  employing  the  approximate  equation 
(see  equation  (22)), 

x  =  K/(A  -  X)  (B  -  X)  (C  -  Xy  (33) 

and  also  by  using  the  exact  relation, 

x  =  K.l    V(x).dt 


=  K  \    (A  —  x)  (B  —  x)  (C  -  x)\dt.  (34) 

Jo 

Most  of  the  measurements  (as  in  Tables  II-VI)  could  not  be 
recalculated  by  any  of  the  methods  of  approximation  described 
in  the  preceding  part,  and  since  the  reaction  is  of  the  fourth 
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order  the  method  of  integrating  by  partial  fractions  would 
lead    to    rather    involved    computation. 

In  Tables  II-VI  are  given  recalculations  of  some  of  Mag- 
nanini's  measurements  (see  Mr.  Clark's  paper  for  others). 
These  tables  are  chosen  as  they  afford  a  means  of  comparing 
the  approximate  equation  (33)  with  the  exact  equation 
(34) ;  the  constants  as  calculated  by  these  methods  are  denoted 
in  the  tables  by  (33),  K  and  (34),  K  respectively.     X  is  written 


and 


for  the  effective  average  value  of  x,  that  is,  for  -.1    x.dt, 

F(x),  as  in  (34),  is  written  for  (A  —  x)  (B  —  x)  (C  —  x)2. 

The  fall  in  the  constant  (34), K  in  the  earlier  tables,  as 
also  the  change  in  this  "constant"  from  table  to  table,  is 
possibly  due  to  the  fact  that  A,  B,  and  C  are  the  analytical 
and  not  the  ionic  concentrations. 


Table  II 
A,  1 1.1 1 ;  B,  7.41 ;  C,  12.96;  Vol.  10  cc. 


xat 


X       !(33),K..o' 


lo-'.F(ar) 


\o-%\V{x)M 


(34).K.io' 


5 

0.83 

2.40 

0.48 

144 

99-8 

58.3 

H2 

12 

1.44 

10.8 

0.90 

124 

77.6 

121 

1 

119 

13 

1 .46 

12.4 

0.95 

119 

75-9 

126 

116 

21 

1 .84 

252 

1 .20 

113 

63  9 

1  183 

100 

25 

2.05 

320 

1.28 

100 

579 

207 

99 

4i 

2.73 

70.0 

1. 71 

98 

41.3 

283 

93 

52 

2.97 

ior  .6 

1 .96 

94 

38.3 

326 

9' 

84 

3  -69 

209 . 2 

2.49 

94 

237 

419 

88 

9i 

3-8i 

236.0 

2-59 

95 

22 . 1 

43i 

89 

175 

4.82 

608.0 

3-47 

102 

10.8 

560 

86 

\  - 
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Table  III 
A,  i i.i  i ;  B,  7.41 ;  C,  24.07;  Vol.  10  cc. 


r 

j 

r 

/ 

X 

I  xdt 

X 

1 

1 

(33).K.io' 

io-*.F(x) 

io-s\  V{x).dt 

(34),K.io' 

2 

0.82 

0.88 

1 
0.44 

99 

477 

82.5 

99 

3 

1.05 

1.68 

1  0.56 

88 

367 

120.5 

87 

9 

235 

12.40 

;  1.38 

86 

339 

279 

84 

15 

3  27 

29.04 

1 1.94 

89 

209 

384 

85 

17 

338 

35  •  52 

1 2.09 

87 

141 

412 

81 

28 

4-38 

78.4 

:  2.80 

90 

133 

519 

84 

31 

4  5o 

91.7 

2 . 96   90 

773 

540 

83 

35 

4.68 

no. 3 

3.15 

90 

73-7 

557 

84 

40 

5 .10 

1346 

336 

1 

95 

66.0 

593 

86 

1 

Table  IV 

A,  n. 1 

1  ;  B,  7.41;  C,  35- T8;  Vol. 

10  cc. 

1 

r 

| 

r 

/ 

x      1 

\  xdt 

•'o 

x  1 

(33^,K.io7 



io-M  F(x).d7 
9)0 

(34),K.ioT 

2 

i-43  ' 

1-56 

0.78 

88 

658 

169 

85 

6 

2.98  | 

10.84 

1 .61  j   87 

373 

361   . 

83 

12 

4.19 

32.32 

2 .  69  i   84 

215 

523       1 

80 

17 

4-93  1 

55  4 

3.26  1   87 

140 

615 

80 

18 

5  06 

60.4 

3.36  1   87 

129 

630   i 

80 

20 

528  ' 

70.4 

3-52    88 

1  n 

654   ' 

81 

Table  ^ 

I 

A,  1  i.i  1 ;  B,  7.41  ;  C,  46.29  ;  Vol.  10  cc. 


\*x 


xdt 


*x 


X      i(33),K.io'.io-J.F(x)lio-a\    F(*).<//'(34),K.io7 


2 

2.03  ! 

2.24 

1  1 . 12  1 

79 

957   , 

245 

1    83 

4 

3.17 

7  76 

1  '-94 

80 

626   ' 

385 

82 

6 

3  93  1 

14  56 

2.43  , 

79 

448   , 

486 

81 

8 

4  52 

23.0 

2.88 

1 

81 

33i 

558 

1    8. 

10 

4.90  l 

327 

3  27  ! 

81 

267 

615 

80 

1 1 

5.o8 

37  •  5 

341 

82 

239 

640 

79 
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Table  VI 
A,  1 1. 1 1 ;  B,  7.41 ;  C,  57.4;  Vol.  10  cc. 


r 

r 

/ 

X 

\    xdt 
J 

X 

>(33).K.io? 

ia-*.F(x) 

io-A  F(x).dl 

Jo 

(34),K.ioT 

2 

2.55 

2.92 

I  .46 

70 

1251 

379 

68 

4 

394 

956 

2.78          75 

7" 

565 

70 

6 

4-72 

18. 1 

3.01   1       74 

477 

675 

70 

7 

515 

23.2 

(3. 70       (79) 

368 

716 

72 

8 

5  •  33 

28.1 

351 

77 

326 

743 

72 

In  all  of  the  above  tables,  it  will  be  seen  that  for  small 
values  of  x,  the  "constant,"  (33), K  and  (34), K  are  practi- 
cally equal.  As  x  increases,  however,  the  former  gradually 
grows  larger  than  the  true  " constant"  (34), K,  showing  that 
the  approximate  value  of  x>  namely, 

K/(A  —  X)  (B  —  X)  (C  —  X)3,  (from  equation  (33)) 

gradually  falls  off  from  the  true  value, 

K  \  (A  —  x)  (B  —  x)  (C  —  x)2.dtf      (from  equation  (34)) 


as  x  increases.  The  difference  between  these  expressions  be- 
comes less  and  less  as  C  is  increased,  until  when  C  becomes  four 
or  five  tmes  the  value  of  A,  as  in  Tables  IV  and  V,  the  two  ex- 
pressions become  nearly  equal ;  this  is  shown  by  the  fact  that 
(33)  K  and  (34), K  are  nearly  equal  in  these  tables.      Hence 

in  general  we  have  as  a  close  approximation,  if  be  not  greater 
than  V2, 


•X 


x  =  K.  \    (A  —  xfdt  ■=  K/(A  —  X)2, 


(35) 


(D)  Test  of  the  Accuracy  of  the  Method  of  Areas,  and  the  Method 

of  Approximate  Effective  Averages 

The  approximation  (35)  may  be  tested  by  assuming  val- 
ues of  K,A,*,  and  the  consequent  values  of  ty  and  constructing 
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the  two  necessary  curves:  a  suming"  K  =  i,  A  =  10,  and  for 

x  the  values   i,  2,  3,  4,  5,  6,  the  values  of     (from  the  equation 

1  Ik,  x     2     3     4     5     6  .     , 

/  = )  become  --,  ^-,  -    ,  z-,  --.  — ,  respectively. 

10  —  x       io'  90  80  70'  60  50  40        r  J 

With  these  values  of  x  and  *,  the  curves  x>  t  and  (A  —  x) 2,  /  were 
plotted  and  the  two  expressions  for  x  in   equation  (35)  were 

f 

ca^ulated  from  the  measurements    of   the    areas  \  x.dtand 

Jo 

(A  — -  x)  2.d  as  made  by  the  planimeter.     Under  the  word 

"Reading"  are  given  duplicate  readings  of    the  planimeter 
for  the  areas  in  question  (Table  VI),  and  X  has  its  former 

meaning,  namely,- A    x.dt.     The   areas    are    expressed  in  the 


proper  unit. 


Table  VII 


0.01 11 
0.0250 
0.0428 
o . 0667 
o. 1000 


Reading 


xdt 


I  .00 
2.00 
3.00 
4.00 
5.00 


23 
104 

284 

624 

1224 


o.  1500  '  6.00  2332 


23  '0.00575 
103 I0.0260 
283  10.0707 
626  io. 156 
1226  io.306 

2330  0.583 


X      l/(  10  —  X)*|,    Reading     j\   (10  —  xYdi 


0.518 
I  .04 

l    65 

234 
3.06 

3-89 


I  .00 
2.01 
2.98 

3  91 
4.82 

5  60 


1  397 
I  801 
11198 
11605 
2005 
,2404 


396, 
802 ! 
1 199  I 
1606, 
2005 
2401 


0.99 
2  .00 
3.00 
4.01 
5  01 
6.00 


A  comparison  of  the  duplicate  readings  shows  how  closely 
areas  can  be  measured  by  means  of  the  planimeter:  it  is  evi- 
dent that  these  measurements  can  be  made  far  more  closely 
than    a  "chemical    analysis    is    usually    made.     Since    x  and 

(10  —  xY.dt  are  identical,  the   exactness  of  the  method  of 


areas  can  not  be  doubted.     The  value  of   the    approximation, 
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/do  —  X)2,  differs  from  x  by  less  than  4  percent  when  x  is 
5.  It  is  evident  from  this,  that  equation  (19)  is  applicable  to 
the  first  half  of  bi-molecular  reactions  (and  consequently  to 
reactions  of  a  higher  order  when  all  the  concentrations  but 
two,  linearly  involved,  are  practically  non-variant).  Hence  in 
such  cases  equations  (20)  and  (23)  may  be  employed  to  cal- 
culate the  values  of  the  constant  and  the  exponents,  and  where 
a  deviation  occurs  in  an  exponent,  to  trace  this  variation. 
If  desirable,  a  correction  can  be  made  by  estimating  the  per- 
centage error. 

The  above  examples  are  sufficient  to  show  the  applica- 
bility of  the  Method  of  Areas  and  the  Method  of  Approximate 
Effective  Averages.  At  present  I  am  employing  these  methods 
in  the  study  of  some  cases  of  complex  oxidation,  and  also  in 
the  recalculation  of  some  kinetic  measurements  which  have 
appeared  in  the  chemical  journals. 

Summary 

I.  An  outline  of  the  methods  that  have  been  used  in  the 
computations  occurring  in  the  study  of  Chemical  Kinetics,  is 
given. 

II.  A  "  Method  of  Areas"  is  described.  The  Kinetic 
Equation  is  used  in  the  following  form, 

x  =  K.  \    V(x).dt 

»'o 

and  in  the  case  of  reverse  or  successive  reactions,  in  the  form, 

x    -  Kr  \    V^x).dt  ±  K2.  \  F2(x).<f/. 


r 

The  curve  F(x),    t    is    plotted,   the   areas  \    F (*).<#  are  then 

Jo 

measured  by  means  of  a  planimeter,  and  the  values  of  K  are 
calculated  from  the  values  of  x,  and  thus  the  correctness  of 
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the  assumed  function,  F(#),  is  tested.  The  areas  can  be  meas- 
ured as  accurately  as  the  experimental  data  will  warrant. 

III.     A  "Method   of  Approximate  Effective   Averages"  is 
described.     The  Kinetic  Equation  is  used  in  the  form, 

Sx  pjr 

**)'(b-;U.*)-. 

which  is  a  close  approximation  under  certain  conditions. 
This  equation  may  be  used  in  the  following  form  to  calculate 
approximately  the  values  of  K,  /,  m, . .  by  taking  a  sufficient 
number  of  values  of  xt 

f*x 


o  =  log  K  —  /.log  ( A  —  -1  \    *.(//) 


—  w.log  IB  —     \    x.dt)  —  . .  —  log  -• 


The  following  equation  may  be  used  in  some  cases  in  tracing 
the  variation  in  an  exponent   (r  varying), 


=^  k(a— m  xdty\ 


'X 


(A  —  *)'"'  (R  —  xY.At. 


IV.  Some  examples  showing  the  applicability  and  ac- 
curacy of  the  above  methods  are  given. 

1  am  glad  of  this  opportunity  of  expressing  my  gratitude 
to  Professor  W.  Lash  Miller.  Without  the  training  and  help 
I  have  received  from  him,  the  above  problems  would  doubtless 
never  have  occurred  to  me. 

University  of  Toronto, 
March,  h)l>6 
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THE  RATES  OF  THE  REACTIONS  IN  SOLUTIONS  CON- 
TAINING POTASSIUM  BROMATE,  POTASSIUM 
IODIDE    AND    HYDROCHLORIC   ACID 


BY   ROBERT   H.    CLARK 

Among  the  earliest  contributions  to  the  literature  of  this 
subject  is  a  paper  by  W.  Ostwald,1  who  studied  the  reaction 
between  hydrogen  iodide  and  bromate  in  order  to  determine 
the  accelerating  influence  of  different  acids.  The  author  did 
not  attempt  to  formulate  a  satisfactory  kinetic  equation,  but 
calculated  the  velocity  constant  from  the  bi-molecular  formula, 
and  came  to  the  conclusion  that,  in  general,  the  accelerating  in- 
fluence of  the  different  acids  is  proportional  to  their  affinity 
constants,2  the  chief  exception  being  in  the  case  of  chromic 
acid.  I  have  carried  out  a  number  of  experiments  on  the 
action  of  chromic  acid,  which  will  appear  in  a  second  com- 
munication. 

In  the  same  year  W.  Meyerhoffer3  and  O.  Burchard,4 
working  independently  of  each  other,  investigated  the  re- 
action, and  both  came  to  the  conclusion  that  the  rate  could 
not  be  represented  by  the  formula  of  the  second  order  or  by 
any  other  simple  formula.  Meyerhoffer  ascribed  the  com- 
plications to  the  influence  of  the  iodine  formed  by  the  reaction 

dx     c  (a — -f)2 
and  proposed  the  equation  -,= -    -,but    it    was   shown 

later  by  Meyer5  that  this  equation  is  not  in  agreement  with 
the  experiments. 

In  1890  Gaetano  Magnanini6  made  a  great  many  measure- 
ments on  the  rate  of  this  reaction;  he,  like  Ostwald,  studied 
the  influence  of  different  acids  and  noted  that  the  acceleration 
caused   by   hydrochloric,    nitric   and    sulphuric   acids   is   not 

1  Zeit  phys.  Chetn.,  2,  127  (1888). 

2  See  however,  Zeit.  phys.  Chetn.,  19,  599  U891)  and  Tahle  IV  of  the 
present  paper,  p.  684. 

3  Ibid.,  2,585  (1888). 
«  Ibid.,  2,796  (1888). 

*  Zeit.  phys.  Chem.,  2,  830  ( 18S8). 
6  Gazz.  chim.  Ital.,  20,  377  (1890). 
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proportional  to  their  concentrations,  but  failed  to  draw  any 
general  conclusions. 

The  next  paper  on  the  subject,  A.  A.  Noyes'1  "Con- 
tribution to  the  Knowledge  of  the  Order  of  Polymolecular 
Reactions, "  contains  four  series  of  experiments  by  W.  O. 
Scott,  in  which  the  initial  concentrations  of  potassium  bromate 
and  iodide  were  varied,  while  in  all  the  acid  was  present  in 
constant  excess.  Comparison  of  the  constants  of  the  second 
and  third  order  in  the  different  series  led  to  the  conclusion 
that  "the  reaction  between  hydriodic  and  bromic  acids  is 
of  the  second  order." 

In  the  following  year  in  a  paper  "On  the  Catalytic  Effect 
of  Hydrion  on  Polymolecular  Reactions"2  Noyes  showed 
from  certain  of  Magnanini's  measurements,  that  the  rate  of 
the  reaction  between  hydrobromic  and  bromic  acids  is  pro- 
portional to  the  square  of  the  concentration  of  the  hydrion. 

In  spite  of  this  large  amount  of  work,  however,  the  author 
of  the  most  recent  text-book  on  chemical  kinetics8  is  of  the 
opinion  that  "the  course  of  the  oxidation  of  hydriodic  acid 
by  the  oxyacids  of  the  halogens  appears  to  be  so  intricate 
that  a  satisfactory  application  of  the  mass  law  has  not  yet 
been  made."  The  measurements  of  the  present  paper  show 
definitely  the  influence  of  the  concentration  of  each  reagent  on 
the  rate,  and  the  extent  to  which  the  results  are  affected  by 
the  presence  of  the  products  of  oxidation,  viz.,  iodine  and 
bromide. 

Plan  of  the  Experiments 

In  these  measurements,  in  order  to  trace  the  effect  of  the 
concentrations  of  each  one  of  the  chemicals  separately,  I 
have  adopted  a  plan  described  by  Mr.  W.  C.  Bray4  under  the 
title  "Method  of  Constant  Rates"  which  consists  in  choosing 
the  concentrations  so  that  "while  the  amount  of  change 
accomplished  in  a  suitable  interval  of  time  is  sufficient  for  the 

1  Zeit.  phys.  Chem.,  18,  118  (1890). 

2  Ibid.,  19,  599  (1891). 

:<  J.  W.  Mellor  :  "Chemical  Statics  and  Dynamics,"  p.  103  (1904). 
4  Jour.  Phys.  Chcm.,  7,  93  (1903). 
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requirements  of  an  accurate  analysis,  yet  the  fractional 
alteration  in  the  concentrations  of  the  reagents  involved  is  so 
small  that  the  rate  may  be  treated  as  practically  constant 
during  the  interval."  Where  the  reaction  has  proceeded  so 
far  that  this  assumption  could  not  be  made,  a  correction  has 
been  applied  for  the  small  changes  in  concentrations  of  the 
reagents  involved.  In  all  cases  these  corrections  are  com- 
paratively small,  the  conclusions  to  be  drawn  from  the  ex- 
periments being,  in  general,  obvious  enough,  even  without 
the  correction. 

Method  of  Working 

Temperature. — All  the  measurements  were  made  at  300, 
this  temperature  being  maintained  by  a  thermostat  within 
one-tenth  of  a  degree. 

Calibration. — All  the  pipettes  used  were  calibrated  by 
weighing  the  distilled  water  discharged,  thirty  seconds  being 
allowed  for  drainage.  The  burettes  were  calibrated  as  de- 
scribed in  "Ostwald's  Hand-  und  Hilfsbuch,"  p.  103. 

Details  of  an  Experiment. — Each  measurement  contained 
in  the  following  tables  involved  the  preparation  of  a  new  re- 
acting mixture.  Portions  of  the  stock  solutions  used  in  the 
measurements  were  kept  in  the  thermostat  in  glass-stoppered 
flasks.  The  potassium  bromate  was  added  to  a  suitable 
volume  of  water  in  a  wide-mouthed  half-liter  glass-stoppered 
bottle,  while  the  potassium  iodide  and  hydrochloric  acid  were 
pipetted  into  a  large  test-tube  together  with  enough  water 
to  make  up  a  volume  of  80  cc.  After  pipetting  out  the  solu- 
tions they  were  allowed  to  stand  in  the  thermostat  for  five 
minutes,  and  then  the  contents  of  the  test-tube  were  quickly 
poured  into  the  bottle  and  shaken,  the  exact  time  of  mixing 
being  noted.  The  total  volume  of  the  reacting  mixture  was 
always  250  cc.  When  it  was  desired  to  stop  the  reaction  the 
contents  of  the  bottle  were  rapidly  stirred,  10  cc  of  a  half- 
saturated  ammonium  bicarbonate  solution  were  thrown  in, 
and  the  time  was  noted.  The  iodine  liberated  was  then  deter- 
mined with  hundredth-normal  arsenite. 
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Stock  Solutions 

Potassium  Br  ornate.— 0.0206  F.1  made  from  Merck's 
potassium  bromate  and  standardized  by  decomposing  a  known 
volume  with  excess  of  potassium  iodide  and  hydrochloric 
acid,  adding  excess  of  the  solution  of  ammonium  bicarbonate, 
and  titrating  against  the  volumetric  sodium  arsenite. 

Potassium  Iodide. — 0.9890  F.  neutralized  (to  litmus)  by 
hydriodic  acid  and  standardized  gravimetrically  with  silver. 

Potassium  Bromide. — 2.002  F.  neutralized  and  stand- 
ardized with  silver. 

Hydrochloric  Acid. — Two  solutions  0.9539  F-  and  0.9542  F. 
respectively,  by  comparison  (phenolphthalein)  with  a  freshly 
prepared  volumetric  potash  solution,  which  in  turn  was 
standardized  with  potassium  bichromate. 

Sodium  Arsenite. — 0.02504  F.  As2Os  (0.10017  normal) 
prepared  according  to  Mohr2  and  standardized  with  dry 
freshly  sublimed  iodine. 

Iodine. — Approximately  decinormal,  prepared  from 
freshly  sublimed  iodine  and  compared  frequently  with  the 
sodium  arsenite,  the  accurate  titre  so  found  being  used  in 
the  calculations. 

Ammonium  Bicarbonate. — A  half-saturated  solution  was 
kept  under  carbon  dioxide;  it  was  tested  from  time  to  time,  and 
not  used  unless  a  distinct  blue  color  was  obtained  by  adding  one 
drop  of  centinormal  iodine  to  a  mixture  of  250  cc  water, 
10  cc  ammonium  bicarbonate,  10  cc  potassium  iodide  and 
3  cc  starch. 

The  Starch  was  prepared  fresh  daily:  1  gram  to  the 
liter. 

All  these  solutions  were  diluted  to  one-tenth  their 
concentration  to  form  the  ''stock  solutions"  and  volumetric 
solutions  referred  to  in  the  preceding  section. 

Explanation  of  the  Tables 

The  numbers  at  the  head  of  each  table,  divided  by  100,000, 
give  the  gram-formula  weights  of  each  reagent  initially  present 

1  Formula  weights  per  liter. 

2  Cliemisch-Anal.  Titrirmethode,  9th  ed.,  p.  392. 
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in  the  250  cc  of  reacting  mixture.  Under  /  is  given  the  dura- 
tion of  the  oxidation  in  minutes ;  under  x  the  iodine  liberated , 
expressed  as  cubic  centimeters  of  0.0 100 17  normal  arsenite 
solution;  and  under  x'  these  values  corrected  for  the  falling 

off  in    concentration    of    the    reagents.1     R0=  37  (x==0) 


dt 


is 


the  "initial  rate,"  i.  e.,  the  number  of  cubic  centimeters  of 
hundredth-normal  iodine  liberated  per  minute  in  the  250  cc 
of  reacting  mixture  whose  composition  is,  and  remains,  that 
given  at  the  head  of  the  table.  Under  K  is  given  the  /'con- 
stant of  the  fourth  order"  multiplied  by  io'3. 

The  experiments  of  Table  I  are  the  standard  with  which 
are  compared  those  of  Tables  II,  III  and  IV  where  the  con- 
centrations of  the  bromate,  iodide  and  acid  respectively  are 
doubled. 

Effect  of  Bromate,  Iodide  and  Acid 

Table  I 
KBrO,,  20.5 ;  KI,  98.67;         HC1,  95.15 


/ 

X 

•    x' 

0.231 

RG  X  104 

K  X  io13 

5 

0.23 

462 

99 

10 

<M5 

:  0.454 

454 

97 

20 

0.89 

0.907 

453 

100 

30 

1.40 

!  M4 

480 

103 

45 

2.15 

!  2.25 

500 

104 

60 

2.80 

2.99 

498 

103 

90 

4- 15 

4.56 

506 

104 

KBrO„  41; 


Average  value,  R0  —481  X  io~' 
Table  II 
KI,  98.67;  HCI,  95.15 


/ 

X 

0.46 

x' 

Ro  X  io* 
928 

K  x  io13 

5 

0.464 

99 

10 

0.90 

0.907 

907 

97 

20 

1.80 

1.87 

935 

100 

30 

2-75 

2.90 

966 

103 

45 

4.00 

432 

960 

104 

60 

524 

5  79 

965 

103 

90 

7.60 

8.77 

973 

104 

Average  value,  R0 
See  pages  68 1  and  685. 
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KBrOt,  20.5; 


Table  III 
KI,  1973; 


HC1,  95.15 


/ 

X 

X* 

Ro  X  104 

KX10" 

5 

0.45 

0.454 

908 

97 

10 

O.90 

0.915 

915 

98 

20 

1.80 

1.86 

930 

99 

30 

2.75 

2.88 

960 

102 

45 

3.99 

4.30 

955 

102 

60 

5.22 

5.73 

955 

102 

90 

7.53     1 

8.66 

962 

102 

Average  value,  R0  =  936  X  10" 


Table  IV 

KBrO„  20.5;         KI,  98.67;            HC1,  190.3 

t        1       x 

x*        R0Xio4 

.1 

IkXio18 

1 

5 

0.92 

°«934      i860 

1 
1 

IOO 

10            1.85 

I.91      ,    1910 

102 

20 

3.62 

3.74         1870 

IOO 

30 

539 

5.91         1970 

105 

45 

7.75 

8.87         1970 

105 

60 

9.76 

11.60     i    1930 

102 

90 

!3-93    1  18.01     !  2000 

106 

Average  value,  R0  =  1930  X  io~"* 

Effect  of  Chlorlon 

and  of 

Atmospherie  G 

►xygen  on  the  Rate 

In  order  to  assure  myself  that  the  effect  of  the  hydro- 
chloric acid  was  due  entirely  to  the  concentration  of  the 
hydrion  I  made  some  measurements  in  which  the  concentra- 
tion of  the  chlorion  was  doubled  by  adding  sodium  chloride. 
The  rate  was  the  same  as  in  the  absence  of  the  salt.  The 
addition  of  very  large  quantities  of  potassium  chloride,  how- 
ever, retards  the  oxidation,  see  Tables  IX  and  X  and  p.  688. 

To  find  whether  the  results  were  affected  by  access  of 
air,1  I  made  some  preliminary  measurements  in  duplicate, 
one  of  each  pair  under  ordinary  conditions,  and  the  other 
in   an   atmosphere  of  carefully  purified  carbon   dioxide.2     I 

1  Compare  Zeit.  phys.  Chein.,  2,  103  (1888),  and  Gazz.  chim.  Ital.,  ao, 
382(1890). 

2  See  Dushman  :  Jour.  Phys.  Chein.,  8  (1904). 
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failed  to  detect  any  difference  in  the  rates  in  the  two  cases, 
and  the  subsequent  measurements  were  carried  out  in  air. 

Effect  of  the  Concentrations  of  Bromate,  Iodide  and  Acid 

on  the  Rate 

By  comparing  Table  I  with  II,  III  and  IV  respectively 
it  is  readily  seen  that  the  velocity  of  the  reaction  is  proportional 
to  the  first  power  of  the  concentrations  of  the  bromate  and 
iodide  and  to  the  second  power  of  that  of  the  acid,  as  rep- 
resented by  the  equation : 

I    dx  __  (A-*)JB— *)  (C—x)* 

V '  dt  "^       V  V  V1  (I) 

This  conclusion  is  confirmed  by  the  constancy  of  K  in  the 
tables  as  calculated  from  the  integrated  form  of  the  above 
equation : — 


KABCV 

=zi =  X1  -■■ 


— +  i(i+fr+tW 


^A  +  B  +  c  +  AB  +  ffi  +  ie)*'   W 

In  the  tables  I  have  used  the  symbol  x'  for  the  quotient 
KABC2//V3,  because  it  gives  the  amount  of  iodine  that  would 
be  liberated  in  /  minutes  if  the  solution  retained  its  original 
composition  throughout  the  experiment.  The  amount  of 
iodine  actually  liberated,  x,  is  naturally  less  than  x\  be- 
cause of  the  decrease  in  concentration  of  the  reagents  as  the 
reaction  proceeds. 

In  calculating  K  the  values  of  A,  B  and  C  denoting  re- 
spectively the  initial  quantities  of  KBr03,  KI  and  HC1  have 
been  expressed  in  the  same  units  as  x  (see  p.  683) ;  thus  A  = 
6KBrOs,  B  =  2/3KI,  C  =  HC1,  according  to  the  equation: 
KBr03  +  9KI  +  6HCl=3KI8  +  KBr  +  6KCl  +  3H20. 

For   instance   in   the  experiments   of  Table   I,    A  =  123, 

B  =65.78,  C  =95-15. 

In  each  table  the  constant  increases  slightly  as  the  re- 
action proceeds;  no  importance  can  be  attached  to  this  fact, 
however,  as  a  change  of  from  0.05  to  o.  1  cc  of  the  hundredth- 
normal  arsenite  used  in  the  analysis  would  account  for  the 
increase. 
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Effect  of  Bromide 

Judson  and  Walker1  have  shown  that  potassium  bromide, 
which  is  one  of  the  products  of  the  reaction  between  bromic 
acid  and  hydriodic  acid,  is  itself  oxidized  by  bromic  acid; 
this  reaction,  however,  takes  place  much  more  slowly  than  the 
oxidation  of  potassium  iodide  even  when  equivalent  quantities 
are  employed,  and  in  the  experiments  of  Tables  I  to  IV  the 
concentration  of  the  bromide  never  reached  3  percent  of  that 
of  the  iodide.  A  few  experiments  in  which  small  quantities 
of  potassium  bromide  were  added  to  the  reacting  mixture 
gave  results  identical  with  those  in  which  no  such  addition 
had  been  made,  so  that  it  was  not  necessary  to  make  any 
correction  for  the  presence  of  this  product  of  the  reaction. 

In  this  connection  a  number  of  experiments  were  under- 
taken to  see  whether  the  two  reactions,  viz.,  the  oxidation  of 
potassium  iodide  and  that  of  potassium  bromide  by  bromic 
acid,   take  place  independently  in  the  solution.     In  Tables 

V  and  VII  potassium  bromide  alone  was  present ;  in  those  of 

VI  and  VIII  both  bromide  and  iodide,  the  latter,  however,  in 
comparatively  small  quantity,  as  under  like  conditions  the 
iodide  is  oxidized  58  times  as  rapidly  as  the  bromide. 

In  the  fourth  column  of  Tables  VI  and  VIII  are  entered 
the  sums  of  the  values  of  x'  from  Tables  I  and  V,  and  IV  and 

VII  respectively;  that  is  to  say,  the  combined  amounts  of 
iodine  which  would  have  been  liberated  in  solutions  con- 
taining the  bromide  and  iodide  separately;  in  each  case  these 
sums  are  greater  than  the  amount  of  iodine  set  free  in  the 
mixture,  as  given  in  column  four  of  Tables  VI  and  VII. 

Table  V 
KBr03,  20.5;     KBr,  2000;     HC1,  95.15 


t 

X 

0.61 

x' 

20 

0.62 

30 

0.94 

0.95 

45 

1.42 

1.44 

60 

1.85 

1.89 

90 

2.75 

2.86 

1  Jour.  Chetn.  Soc,  73,  411  (1898). 
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Table  VI 
KBrOs,  20.5;     KBr,  2000;     KI,  98.67; 


HC1,  9515 


t 

X 

xf  (mixture) 

xf  (Sum  I  and  V) 

20 

1.28 

I.3I 

I.52 

30 

1.87 

1.93 

2-39 

45 

2.75 

2.87 

3.67 

60 

3-40 

358 

4.84 

90 

5.31 

5.80 

7.82 

[Note :  As  the  concentrations  of  the  reagents  have  the  same 
effect  on  the  rate  of  oxidation  of  bromide1  as  on  that  of  iodide,  the 
values  of  x'  in  Tables  V  and  VII  were  calculated  from  equation 

(2). 

In  calculating  x'  (mixture)  for  Tables  VI  and  VIII  the 
concentration  of  the  bromide  has  been  regarded  as  constant, 
and  x1  has  been  computed  by  means  of  a  modified  form  of 
equation  (2),  viz.: 

xf=x+(i/2A+i/C)xt+(x—yy/2B  (2  bis) 

where  y  is  the  value  of  x  in  Table  V,  and  x  —  y  is  substituted 
for  x  in  the  term  *2/2B,  y  being  regarded  as  the  iodine  liberated 
(in  experiments  VI)  by  the  bromine  set  free  by  the  action  of 
bromate  on  bromide,  and  x — y  that  liberated  by  direct  action 
of  bromate  on  iodide.] 

Table  VII 
KBrO„  20.5;       KBr,  2000;       HC1,  190.3 


t 

X 

xf 

20 

2.40 

2.46 

30 

3.76 

3.91 

45 

539 

5.70 

60 

7.00 

7.50 

90 

9.71 

10.71 

1  Judson  and  Walker :  loc.  cit. 
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Table  VIII 
KBrO„  20.5;       KBr,  2000;        KI,  98.67;         HC1,  190.3 


t 

X 

x/  (mixture) 

*'  (Sum  IV  and  VII) 

20 

4.75 

5.OI 

6.20 

30 

7.35 

7.98 

9.82 

45 

10.60 

12.02 

14.57 

60 

I 3.40 

15.73 

19.IO 

90 

18.58 

23.43 

28.72 

The  differe 

:nce  between 

11  x'  mixture"  and  ilx'  sum"  in 

Tables  VI  and  VIII  was  found  to  be  due  to  the  presence  of 
the  large  quantities  of  potassium  salts,  which,  as  the  readings 
of  Tables  IX  and  X  show,  retard  the  oxidation  of  potassium 
iodide. 

The  solutions  used  in  the  experiments  of  these  two  Tables 
(IX  and  X)  are  the  same  as  those  of  Tables  I  and  IV,  with  the 
addition  of  enough  potassium  chloride  to  make  the  concentra- 
tion of  the  potassium  ion  the  same  as  in  the  experiments  of 
Tables  V  and  VII.  As  is  shown  in  the  last  columns  of  Tables 
IX  and  X,  the  iodine  liberated  in  solutions  containing  both 
iodide  and  bromide  is  the  sum  of  that  liberated  in  solutions 
containing  iodide  alone,  plus  the  iodine  equivalent  of  the 
bromide  liberated  in  the  absence  of  iodide.  Thus,  the  two 
reactions — oxidation  of  iodide  by  bromic  acid,  and  oxidation 
of  bromide  by  bromic  acid — proceed  independently  in  the  same 
solution. 


Table  IX 
KBrO;J,  20.5;         KC1,  2000;         KI,  98.67; 


HC1,  9515 


»/ 


x'  (Sum  V  and  IX)    ,   x'  mixture  (VI) 


20 

0.67 

0.68 

1.30 

1. 3i 

30 

1. 01 

103 

1.97 

1.03 

45 

1.49 

i-54       i 

2.96 

2.87 

60 

1.85 

*-93 

3.78 

3-58 

90 

2.91 

3.10 

5.85 

5.8o 
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TablbX 
KBrOt>20.5;       KC1,  2000;         KI,  98.67;        HC1,  190.3 


t 

X 

x' 

X*  (Sum  VII  and  X) 

x?  from  VIII 

20 

2.65 

2.76 

5.22 

5.01 

30 

4.00 

4.28 

8.19 

7.98 

45 

5.85 

6.48 

12.18 

12.02 

60 

7.39 

8.31 

15.81 

15.73 

90 

IO.79 

13.06 

2377 

2343 

This  simple  relation  makes  it  very  easy  to  allow  for  the 
effect  of  the  bromide  which  is  formed  from  the  bromate  by  the 
action  of  hydriodic  acid.  Judson  and  Walker  have  shown 
that  the  form  of  the  equation  for  the  rate  of  oxidation  of 
bromide  by  bromate  is  the  same  as  that  of  my  equation  1; 
and  the  value  of  its  constant  calculated  from  the  experiments 
of  Table  V,  corrected  for  the  high  concentration  of  the  potas- 
sium ion,  and  expressed  in  my  units,  is  2.2X10"13. 

The  bromine  formed  by  the  oxidation  of  the  bromide 
would,  of  course,  react  instantaneously  with  the  potassium 
iodide,  and  liberate  an  equivalent  amount  of  iodine,  so  that 
the  total  amount  of  iodine  liberated  in  the  time  t  is  governed 
by  the  following  differential  equation,  in  which  D  represents 
the  number  of  equivalents  of  bromide  initially  present. 


dx 
d't 


=(A— *)(C— xmoo  X  io-^B—  *)  +  2.2  X  io-^D+^jv-s. 


(3) 


In  all  the  experiments  of  this  paper,  except  those  in 
which  potassium  bromide  was  added  at  the  beginning,  D  —  o, 
and  the  last  term  of  equation  (3)  may  be  neglected. 

Effect  of  Iodine 

The  only  other  product  of  the  reaction  which  might 
influence  the  rate  is  iodine.  In  order  to  study  its  effect  I 
undertook  the  experiments  of  Table  XI  in  which  iodine  was 
dissolved  in  the  stock  solution  of  potassium  iodide  and  its 
amount  determined  by  titration. 

The  first  column  of  the  table  gives  the  amount  of  free 
iodine  initially  present  in  the  reacting  mixture  expressed  in 
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cubic  centimeters  of  0.0 100 17  normal  arsenite;  the  second, 
under  "KI  Corr.,"  the  potassium  iodide  initially  present, 
which  was  calculated  by  subtracting  one-half  the  number  in 
the  first  column  from  98.67  (which  was  the  amount  of  potas- 
sium iodide  in  the  solution  before  addition  of  iodine),  accord- 
ing to  the  equation: 

KI  +  I,  =  KI8. 

Under  x  is  entered  the  amount  of  iodine  liberated  during 
the  time  t  (minutes),  obtained  by  subtracting  the  initial 
iodine  from  the  " titration."  Under  lix  calc"  is  given  the 
amount  of  iodine  that  would  be  liberated  in  the  same  time 
in  solutions  which  contained  throughout  the  experiment  the 
amount  of  bromate  and  acid  entered  at  the  head  of  the  table, 
and  the  amount  of  potassium  iodide  entered  in  the  second 
column  under  "KI  corr.,M  but  no  "initial  iodine." 

It  will  be  noted  that  the  difference  between  "x"  and 
" x  calc."  entered  in  the  last  column  of  Table  XI,  although 
small,  are  all  positive,  and  increase  with  increase  in  the  amount 
of  iodine  present.  This  is  in  accord  with  the  results  of  Mr. 
Dushman's  measurements  on  the  rate  of  oxidation  of  potas- 
sium iodide  by  iodic  acid  in  the  presence  of  free  iodine,  and 
points  to  the  oxidation  of  triiodion  by  bromic  acid. 

The  correction  for  this  subsidiary  reaction  is  so  small, 
however,  that  the  relations  between  concentrations  and  rate 
given  by  equation  2  should  hold  whether  free  iodine  be  present 
or  not,  and  the  equation  should  be  able  to  account  for  the 
whole  progress  of  the  reaction  between  bromic  and  hydriodic 
acids  from  its  commencement  to  its  end.  This  conclusion 
is  borne  out  by  the  experiments  recorded  in  Table  XU  of  the 
Appendix,  for  which  I  am  indebted  to  Mr.  F.  C.  Bowman, 
where  the  value  of  K  remains  constant  within  1  or  2  percent 
while  95  percent  of  the  bromate  is  reduced. 

Temperature  Coefficient 

To  find  the  temperature  coefficient,  I  made  a  series  of 
measurements  at  300,  250  and  o°  C. 


Reactions  of  Potassium  Bromate,  Iodide,  Etc. 


691 


KBrO„  20.5; 


Table  XI 
KI,  98.67; 


HC1,  190 


Initial  I 

1 

KI  corr. 

; 

Titration 

* 

X 

x  calc. 

Diff. 

O 
O 
O 

.      7J3 

98.67 
98.67 
98.67 

94.80 

60 

90 

120 

60 

9.60 

I340 

16.75 

(  17.07 

1  17.06 

9.60 
1340 
16.75 

9.33 

952 

I33I 
16.66 

9.15 

0.08 
O.09 
O.09 

O.18 

7-73 

94.80 

90 

(  20.68 
(  20.75 

12.98 

12.80 

O.18 

7.73 

94.80 

120 

(    23.88 
1   23.90 

16.16 

1599 

0.17 

11.75 

92.80 

60 

j    20.75 
(    20.78 

9.01 

8.94 

O.07 

11.75 

92.80 

90 

f   24.70 
1   24.58 

12.89 

12.56 

o.33 

11.75 

92.80 

120 

{    27.78 
I   27.78 

16.03 

15.75 

0.28 

16.78 

90.28 

60 

j    25.77 

8.99 

8.74 

0.24 

16.78 

90.28 

90 

j    29.59 

12.81 

12.32 

O.49 

16.78 
20.92 

90.28 
88.21 

120 
60 

I    32.43 
1   32.50 
f    29.88 
(    29.82 

I570 
8.93 

1538 
8.60 

O.32 
0.33 

20.92 

88.21 

90 

\    33.51 
I   3346 

12.56 

12.07 

0.49 

20.92 

88.21 

120 

\     36.60 
(    3642 

15.59 

15-16 

o.43 

40.54 

78.40 

60 

f    48.26 

7.72 

7.60 

O.12 

40.54 

• 

78.40 

90 

{5I46 
(5I.43 

10.91 

IO.74 

O.17 

40.54 
52.40 

78.40 
72-47 

120 
60 

{  54- 70 

(  54.58 

60.05 

14.10 
7.65 

1351 
7.13 

o.59 
0.52 

52.40 

7247 

90 

f  6309 
1  62.94 

10.62 

10.02 

0.60 

52.40 

7247 

120 

f  65.98 
1  65.86 

13.52 

12.66 

0.86 
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Table  XIII 
KBrO,.  20.5  :     KI,  98.67;    HCl,  190.3 


At3o° 

At25< 

9 

A 

\to° 

* 

X 

* 

R 

K.io,s 

X 

*'     !   R 
2.70,135 

K.io" 

72 

Coeff. 
I.84 

X 

X/ 

u_ 

R 

33 

K.  io,s 
17 

20 

346 

3-67 

183 

98 

2.58 

0.65 

0.66 

30 

5.IO 

5.57 

185 

99 

3.81 

407 '  136 

72 

I.85   0.88    O.89  1  30 

16 

45 

7.50 

8.55 

190 

101 

5.65 

6.23:138 

74 

I  89:  1.30 

1-33 

29 

16 

60 

9.60 

11.39 

189 

100 

7.29 

8.28 1  138 

74 

1-87  'l.75 

1.80 

30 

16 

90 

I3.40 

17.23 

191 

102    10.37 

I2-48J  139 

74 

1.89 

2.58 

2.70   30 

16 

120 

16.75 

2345 

195 

104 

1313 

16.75   139 

74 

1.97 

3.38 

3  58 

30 

16 

Coeff. 


I.84 

I.87 
I.85 

1.85 
I.87 


The  average  value  of  the  "temperature  coefficient* '  of 
the  rate,  or  the  factor  by  which  the  rate  is  multiplied  for  a 
rise  of  io°  in  the  temperature,  may  be  found  by  taking  the 
cube  roct  of  the  ratio  between  the  rates  at  300  and  o°  C. ;  it  is 
1.85.  The  coefficients  determined  from  the  measurements 
at  300  and  250  C.  (which  are  entered  in  the  table  "at  250") 
are  practically  the  same,  or  if  anything,  a  little  higher,  see 
Table  XIII. 

Appendix 

Magnanini's  experiments,  carried  out  in  1890,1  some  of 
those  of  Ostwald's2  and  the  experiments  of  Noyes*  are  here 
recalculated. 

At  the  head  of  each  table  I  have  given  the  initial  com- 
position of  the  reacting  mixture,  the  numbers  divided  by 
100,000  denoting  gram-formula  weights  of  the  reagent  ini- 
tially present,  the  volume  being  10  cc  in  all  of  Magnanini's 
and  Ostwald's  measurements,  while  in  Noyes*  the  numbers 
recorded  are  for  a  volume  of  1  litre.  In  all  these  experiments 
the  temperature  was  250  C.  Mr.  F.  C.  Bowman's  experi- 
ments were  carried  out  in  this  laboratory  at  o°  C,  and  the 
numbers  recorded  from  his  experiments  are  for  a  volume  of  1 
litre. 


1  Gazz.  chim.  Ital.,  20,  377  (1890). 

2  Zeit.  phys.  Chem.,  2,  127  (1888). 
8  Ibid.,  18,  118  (1890). 
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In  the  first  column  of  the  tables  (under  /)  is  entered  the 
duration  of  the  experiments  in  minutes;  in  the  second,  the 
amount  of  iodine  liberated  x  (in  cubic  centimeters  of  n/100 
thiosulphate) ;  where  Magnanini  gave  the  result  of  duplicate 
experiments,  I  have  taken  the  average.  In  the  third  and  last 
column  I  have  entered  the  value  of  the  constant  K  of  the 
equation : 

y.dt=--  K(A-*)  (B-x)  (C-jr)»V 


'—4 


where  A,  B  and  C  are  taken  from  the  heads  of  the  table,  and 
V  is  the  volume  in  litres,  e.g.,  for  Table  XV,  A  =  11.11,  B  =  7.41, 
0  =  24.07,  V-=o.oi.     See  page  685. 

In  computing  the  values  of  K,  I  made  use  of  "  The  Method 
of  Areas,"  described  by  Mr.  R.  E.  De  Lury.1 

In  order  to  facilitate  comparison  of  the  values  of  K  so 
obtained,  I  have  brought  them  together  in  the  last  table. 
The  constants  bracketed  have  been  calculated  from  the  ex- 
perimental data  by  making  use  of  the  temperature  coefficient 
1.85  obtained  from  Table  XIII.  In  the  experiments  where 
excess  of  hydrochloric  or  nitric  acid  was  used,  Magnanini's 
values  agree  with  my  own  for  the  same  temperature;  re- 
placing these  monobasic  acids  by  sulphuric  acid,  takes  about 
33  percent  of  K,  corresponding  to  a  difference  of  12  percent 
in  the  dissociation,  which  is  a  fair  agreement  with  the  results 
of  measurements  of  the  electrical  conductivity.  In  the  ex- 
periments in  which  the  concentration  of  the  hydrion  was  large, 
the  constants  are  uniform ;  where  however  their  concentration 
is  small,  the  constant  shows  a  falling  off.  This  is  in  line  with 
the  results  of  Mr.  W.  C.  Bray's  experiments  on  the  oxidation 
of  hydrogen  iodide  by  chloric  acid.2 

The  values  of  the  constants  derived  from  Ostwald's 
measurements  are  somewhat  smaller  than  those  from  the 
corresponding  measurements  of  Magnanini.  Addition  of 
chloric  acid  and  of  hydrobromic  acid  increases  the  constant 

1  Jour.  Phys.  Chem.,  10,  425  1906. 

2  Ibid.,  7,  92  (1903). 
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very  slightly,  due  no  doubt  to  the  oxidation  of  the  bromion 
or  to  the  reduction  of  the  chlorate. 

Noyes  and  Scott  worked  with  the  potassium  salts  of 
bromic  acid  and  hydriodic  acid  in  presence  of  a  constant 
amount  of  hydrochloric  acid;  their  constant  agrees  very 
closely  with  my  own. 

Magnanin?  s  Measurements 

Table  XIV  Table  XV 

HBrO,,  1.85;     HI,  1 1. 1 1  HBrO,,  1.85;  HI.  ii.n;HGl,  11.11 


T 


5 
12 

13 
21 

25 
4i 
52 
84 

9i 

175 


K  X  io18 


O.82 
I.44 
1.46 
1.84 
2.05 
2.72 
2.96 

3-69 
380 

4.82 


142 
119 
116 
IOO 

99 

93 

9i 
88 

89 
86 


/ 

X 

0.82 

K  X  io13 

2 

99 

3 

1.05 

87 

9 

2.35 

84 

15 

327 

85 

17 

3.38 

81 

28 

4.38 

84 

3i  * 

450 

83 

35 

4.68 

84 

40 

5.10 

86 

Table  XVI  Table  XVII 

HBrO,,' 1.85;  HI,  11. 11;  HC1,  22.22    HBrOs,  1.85;  HI,  11.11;  HC1,  33.33 


t 

X 

K  X  io18 

2 

1.43 

85 

6 

2.98 

83 

12 

4.19 

80 

17 

493 

80 

18 

506 

80 

20 

5.28 

81 

2 

4 
6 

8 

10 

11 


2.03 
3-17 
3  93 
4-52 
4.90 

508 


83 
82 

81 

81 

80 

79 


Table  XVIII  Table  XIX 

HBrO,,  1.85;  HI,  11. 11;  HC1, 4444    HBrO,,  1.85;  HI,  11. 11;  HNO,.  22.22 


K  X  io18 


4 
6 

7 
8 


2.55 

3.94 
4.72 

5.15 
533 


K  X  io" 


68 
70 
70 
72 
72 


2 

6 

12 

17 
19 


x-37 
2.88 

82 
78 

4.19 
4.84 

5H 

77 
77 
78 

■  »« . 

VI' 
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Table  XX  Table  XXI 

HBrO,,  1.85;  HI,  1 1. 1 1 ;  HN03, 33-33    HBrO,,  1.85;  HI,  11.11;  HNOs,  44.44 


/ 

'                 X 

K  X  1015 

77 

/ 

X 

K  X  io,s 

2 

'         2.03 

2 

1  ^1 

68 

4 

306 

73 

4 

3.80 

67 

6 

383 

72 

6 

4.60 

66 

8 

1         4-41 

72 

8- 

519 

67 

10 

4.89 

72 

11 

503 

72 

Table  XXII  Table  XXIII 

HBr03.  1.85:  HI,  11. 11;  H2S04.  555    HBr08, 1.85;  HI,  1 1.1 1;  H2S04>  1  r.n 


/ 

X 

. 

O.68 

K  X  io13 

/ 

1 

X 

K  X  io,a 

2 

81 

2 

I.04 

57 

9 

2.10 

71 

9 

2.99 

1          53 

17 

307 

69 

20 

4-51 

52 

31 

4.20 

69 

25 

487 

'      52 

46 

4.81 

67 

28 

5-11 

1          52 

5i 

4-94 

66 

3i 

526 

52 

56 

5.27 

'68 

, 

• 

Table  XXIV 

Table  XXV 

HBr03. 

1.85: 

HI,  11 

11; 

HC1,  22.22 

HBrOs,  555; 

HI, 

II 

.1  r 

/ 

I 

X 

1.83 

1 

K  X  iols 
43 

t 
2 

1 

X 

1 

K  X  io,s 

2 

■23 

106 

9 

4.32 

39 

6 

2 

■55 

: 

96 

12 

4-95 

39 

9 

3 

25. 

95 

13 

509 

39 

12 

3 

78 

94 

17 

5-55 

38 

15 
21 

23 
24 
27 

4 
4 

5 
5 

23 
88 

.02 

02 

34 

93 
93 
95 
9* 
92 
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Table  XXVI 

Table  XXVII 

HBrO, 

i*  9- 26; 

X 

2.30 

HI, 

11. 11 

HBrO,, 

t 

1.8, 

5;  KBrO,, 

X 

• 

O.83 

3.7o; 

HI,  11. 11 

t 

K  X  io18 

K  X  10" 

2 

91 

2 

116 

4 

3.56 

t 

90 

6 

1.85 

107 

6 

436 

89 

9 

2.46 

107 

8 

4-94 

1 

88 

12 

2.75 

99 

10 

5-43 

1 

89 

17 
20 

28 
4i 

34I 

3-fco 
425 

4.86 

99 
96 

96 
95 

• 

46 

5.15 

96 

Table  XXVIII 
HBrO,,  1 .85;  KBrO,,  9.25;  HI,  1 1 . 1 1 


* 

X 



1.38 

K  X  io13 

2 

104 

6 

2.68 

88 

9 

336 

88 

12 

3.87 

87 

18 

465 

87 

22 

497 

87 

25    ' 

5-i6 

86 

Ostwald's  Measurements 


Tablb  XXIX 

HBrO,,  1.856; 

HI, 

II.  II 

1 
t                  * 

1 

1 

KXiols 

1 

I                              0.22 

■ 

21           j            I.89 

i 

i 

93 

41                      2.8l 

1 

1 

92 

81                      393 

94 

I46                     4-83 

94 

20I           ,           5.37 

1 
| 

96 

30I                      589 

96 

43I                      6.36 

98 

Table  XXX 
HBrO,.  1.856;  HI,  1 1.1 1;  H,S04,5.55 


* 

X 

K  X  iols 

9 

2.04 

59 

17 

3.07 

61 

3i 

4-17 

63 

56 

5-27 

64 

7i 

5.67 

64 

97 

6.14 

65 

115 

6.39 

65 
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Table  XXXI  Table  XXXII 

HBrO,,  1.85;  HI,  11. 11;  HC1,  n. n    HBrO,.  i.85;HI,  11.11  ;HNO,,  11.11 


/ 

X 

K  X  10" 

9 

2.46 

85 

17 

3-54 

84 

31 

4.63 

84 

41 

520 

85* 

51 

5-6o 

86 

61 

590 

87 

71 

6.20 

85 

/ 

X 

K  X  10" 

9 

2.44 

84 

»7 

3.51 

82 

3i 

4^3 

82 

4i 

5.18 

84 

5i 

555 

81 

61 

586 

80 

7i 

6.09 

80 

Table  XXXIII 


Table  XXXIV 


HBrO,, 1.85; HI,  11.11  ;HC10,,  11.11    HBrO,,  i.8s;HI,  11.11  ;HC104. 11. 11 


; 

X 

2-54 

1 

!   K  X  io» 

1 

i 

90 

t 
9 

X 

K  X  10" 

9 

2.43 

85 

17 

354 

88 

N   17 

3.52 

82 

25 

4.35 

89 

25 

425 

84 

33 

4-77 

88 

33 

47 1 

83 

4i 

518 

88 

41 

5.15 

84 

5i 

556 

88 

5i 

5.56 

85 

61 

585 

89 

61 

1   5-;8 

85 

Table  XXXV  Table  XXXVI 

HBrO,.  1.85;  HI,  ii.ii;  H,SO„  5.55   HBrO„.  1.85;  HI,  n.u;HBr,  11.11 


/ 

X 

j   K  /  jo'3 

/ 

X 

K  X  io18 

9 

2.40 

81 

9 

259 

89 

17 

3-41 

;     80 

17 

3-68 

90 

25 

4.16 

1     81 

25 

4-43 

92 

33 

4-^5 

1     81 

33 

494 

93 

4i 

505 

1     »* 

4i 

534 

94 

5i 

5.4<> 

1     81 

5' 

5-72 

95 

61 

5.76 

81 

61 

6.04 

96 
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Noyes*  Measurements 

Table  XXXVII  Table  XXXVIII 

KBrO,,  166;    KI,  1000;    HC1,  4000    KBrO,.  83;      KIf  500;     HC1,  4000 


t 

X 

112 

J      K  X  1018 

i 

/ 

X 

KX10" 

2 

63 

*-5 

46 

6.S 

4 

192 

62 

3 

88 

68 

7 

279 

62 

5 

125 

66 

1 1 

358 

62 

8 

180 

70 

16 

423 

62 

12 

233 

7o 

22 

479 

62 

17 

261 

72 

30 

526 

62 

23 

294 

'    73 

40 

5^2 

62 

Table  XXXIX 


*„„^  -MMM^  Table  XL 

KBr08,  83;     KI,  1000;    HC1,  4000    KBrOs,  83;      KI,  500;      H CI.  4000 


t 

X 

K  X  io,a 
68 

t 
2.5 

X 

40 

KX  io18 

1.5 

48 

68 

3 

90 

68 

5-5 

79 

68 

5 

134 

68 

9 

112 

72   • 

8 

179 

65 

1.5 

155 

/i 

12 

223 

63 

23 

194 

72 

17 

258 

60 

36 

235 

74 

23 

290 

60 

58 

275 

7i 

F.  C.  Bowman's  Measurements 

Table  XLI 
KBr03,  55.26;         KI,  4960;  HaS04,  1666.6 


Percent 

/ 

X 

bromate 
decomposed 

K  X  iou 

6 

62.4 

18.8. 

98 

19 

155.8 

46.8 

98 

30 

206.6 

62.3 

99 

40 

238.8 

72.1 

99 

50 

261 

78.7 

98 

60 

276.4 

83.3 

97 

70 

290.2 

87.6 

97 

80 

299.6 

90.2 

97 

100 

315.6 

95.1 

98 
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Summary 

(i)  The  rate  at  which  iodine  is  liberated  in  solutions  con- 
taining potassium  bromate,  potassium  iodide  and  hydro- 
chloric acid  is  proportional  to  the  concentration  of  the  bromate, 
the  concentration  of  the  iodide,  and  the  square  of  the  con- 
centration of  the  acid. 

(2)  In  solutions  containing  potassium  bromate,  iodide, 
bromide  and  hydrochloric  acid  the  two  haloid  salts  are  oxidized 
independently. 

(3)  The  potassium  triiodide  formed  by  the  oxidation  of 
iodide  adds  very  slightly  to  the  rate  of  reduction  of  bromate; 
so  that,  in  first  approximation,  the  effect  on  the  rate  produced 
by  the  iodine  liberated  during  the  reaction  may  be  neglected. 

(4)  Thus  the  progress  of  the  reaction  may  be  expressed 
by  a  simple  differential  equation  (see  equation  i,  p.  685),  which 
is  shown  to  be  in  accordance  with  the  experiments.  A  term 
to  represent  the  effect  due  to  the  bromide  formed  during  the 
reaction  may  be  introduced  into  the  equation  (see  equation  3). 

(5)  Raising  the  temperature  io°  multiplies  the  rate  by 
1.85. 

(6)  The  equations  developed  in  this  paper  have  been 
used  to  recalculate  Magnanini's,  Ostwald's  and  Noyes'  measure- 
ments.    (See  Appendix.) 

These  measurements  were  carried  out  in  the  chemical 
laboratory  of  the  University  of  Toronto  during  the  winter  of 
1904-5;  and  in  conclusion,  I  wish  to  express  my  sincerest 
thanks  to  Prof.  W.  Lash  Miller  for  suggesting  this  research 
and  for  his  supervision  throughout  the  work. 

The  l' diversity  of  Toronto , 
June,  1906 
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ON  THE  MECHANISM  OF  INDUCED  REACTIONS 


BY   W.    LASH   MILLER 

The  word  "  Induction,"  in  the  sense  in  which  it  is  used 
in  this  article,  was  introduced  into  the  chemical  vocabulary 
by  F.  Kessler,  in  1863. 

"  Let  Ra  and  R/J  be  two  reducing  agents  "  (wrote  Kessler1), 
Ooc  and  O/J  two  oxidizing  agents,  such  that  under  certain  con- 
ditions Ra  reacts  easily  with  Oa  while  R/J  and  0)8  react  with 
difficulty  or  not  at  all.     If  then,  on  bringing  all  four  substances 
1  together  under  these  conditions,  we  find  that  the  reaction 

between  R/J  and  0)8  is  accelerated,  we  will  regard  this  reaction 
as  "induced"  by  that  taking  place  between  Ra  and  Oa.  In 
most  cases,  at  least  so  far  as  my  knowledge  goes,  this  general 
case  is  specialized,  either  by  Oa  being  identical  with  0)8,  or 
Ra  with  R/J.  To  distinguish  these  two  cases,  I  shall  call  the 
i*  former  "induced  oxidation"  and  the  latter  "induced  reduc- 

tion." 
:;  A  large  number  of  experimental  and  theoretical  papers 

dealing  with  the  subject  of  chemical  induction  have  appeared 
since  Kessler's  time;  lists  are  given  by  Manchot,2  Engler  and 
Weissberg,s  Schilow,4  Luther,5  and  Mellor.6 

The  term  "induced  reaction"  is  now  generally  restricted 
to  Kessler's  special  case,  in  which  only  one  oxidizing  agent 
and  two  reducing  agents  are  present  or  vice-versa ;  the  name 
"actor  "  is  given  to  the  oxidizing  agent  in  cases  of  induced  oxida 
tion,  and  to  the  reducing  agent  incasesof  induced  reduction,  while 
the  "inductor"  is  the  substance  which  reacts  quickly  with  the 
actor,  and  accelerates  or  "induces"  the  reaction  between  the 

1  Pogg.  Ann.,  119,  21S  (  1863). 

2  Liebig's  Ann.,  325  (  1002). 

3  Kritische   Studien    iiber   die    Autoxydationsvorgiinge.     Braunschweig, 


1903. 


4  Zeit.  phys.  Chem.,  42,  641  (  1903). 

*  Ibid.,  46,  777  d9»3)- 

0  Chemical  Statics  and  Dynamics,  London,  1904. 
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actor  and  the  third  reagent,  or  " acceptor."  The  "induction 
f actor' '  gives  the  number  of  equivalents  of  acceptor  which 
enter  into  reaction  while  one  equivalent  of  inductor  is  oxidized 
(or  reduced)  by  the  actor. 

From  the  theoretical  point  of  view,  the  simplest  cases 
that  come  under  Kessler's  definition  are  those  in  which  the 
induction  can  be  explained  by  the  known  properties  of  an 
isolable  product  of  the  reaction  between  actor  and  inductor. 
In  order  to  make  sure  that  the  explanation  suggested  is  the 
true  one,  it  is  only  necessary  to  study  the  two  reactions: 
actor  plus  inductor,  and  product  plus  acceptor,  separately, 
and  compare  them  with  the  reaction  which  takes  place  in 
solutions  containing  actor,  inductor,  and  acceptor  together. 
This  has  been  done  by  Harcourt  and  Esson1  and  by  Bell2 
for  the  system  H202,  HI,  Na2S208;  by  Federlin3  for  the  system 
K2S208,  HI,  H3POs;  by  Schilow4  for  the  system  HBrOs,  HBr, 
HAsOs;  and  by  Bowman5  for  the  system  HBrOs,  HI,  HAsOa. 
Cases  like  these  belong  demonstrably  to  the  group  of  con- 
secutive reactions,  none  of  which  were  included  by  Kessler 
in  his  tables  of  examples;  and  it  seems  better  to  employ  the 
term  "induced  reaction"  only  where  no  such  obvious  ex- 
planation is  available. 

It  is  possible,  of  course,  to  account  for  the  remaining 
cases  by  assuming  the  temporary  existence  of  some  product 
which  could  take  the  place  of  the  iodine  or  bromine  in  the 
foregoing  examples,  even  where  all  attempts  to  isolate  such  a 
substance  have  failed.  The  first  attempt  to  carry  this  idea 
through  in  detail  was  made  by  Manchot,  whose  views  may  be 
gained  from  the  following  much  abridged  free  translation 
from  his  papers  "  On  the  Process  of  Oxidation  "6  and  "  On  the 
Formation  of  Peroxides  of  Iron,"7  published  in  1902. 

1  Jour.  Chem.  Soc,  20,  476  (1867). 

2  Jour.  Phys.  Chem.,  7,  61  (1903). 

*  Zeit.  phys.  Chem.,  41,  565  (1902). 

4  Ibid.,  42,  641  (1903). 

5  The  results  of  this  research  will  shortly  be  published. 

6  Liebig's  Ann.,  325,  93  (1902). 

7  Ibid.,  325,  105  (1902). 


On  the  Mechanism  of  Induced  Reactions  II 

Hanchot's  Peroxide  Theory 

"I  was  led  to  the  following  general  theory  of  the  pro- 
cesses of  oxidation,  which  is  completely  contained  in  the 
sentence  "  In  every  process  of  oxidation  there  is  formed  a  primary 
oxide1  which  in  general  has  the  character  of  a  peroxide.  The 
subsequent  fate  of  the  peroxide  depends  on  the  special  circum- 
stances of  each  case.  The  case  that  the  final,  isolable,  product 
is  identical  with  the  peroxide  seems  to  be  the  less  common 
.  .  .  .  it  is  more  usual  for  the  peroxide  to  undergo  de- 
composition before  it  can  be  isolated,  giving  up  oxygen,  which 
escapes  as  gas,  or  combines  with  other  substances  pres- 
ent (acceptors);  among  the  latter  may  be  included  the 
substance  itself  which  is  undergoing  oxidation  (auto-acceptor). 

"  The  peroxide  is  formed  direct  from  the  reagents,  inter- 
mediate states  are  passed  over  ....  and  it  is  obviously 
only  in  special  cases  that  the  isolable  product  is  more  highly 
oxidized  than  the  initial  state  (e.  g.,  ferrous — peroxide — 
ferric).  The  final  state  may  be  identical  with  the  initial,  or 
may  be  less  oxidized  than  the  latter,  for  instance  the  reduc- 
tion of  Pb02  or  Mn02  by  H202  in  presence  of  acid  (dioxide — 
peroxide — monoxide)  ....  and  in  some  cases  the 
product  of  decomposition  may  be  the  metal  itself  (Au  from 
AuCl3  by  H202,  etc.). 

"This  theory  necessitates  the  assumption  in  the  case 
of  many  elements,  of  stages  of  oxidation  which  are  hitherto 

unknown It  brings  the  action  of  all  oxidizing 

agents  under  a  common  point  of  view,  but  I  wish  to  state 
emphatically  that  in  my  opinion  it  is  of  value  chiefly  because 
it  incites  to  experimental  investigation,  and,  without  pre- 
dicting the  results  of  the  latter,  is  able  to  modify  itself  in 
accordance  with  them.  If  in  any  case  this  should  clearly  be 
shown  to  be  impossible,  the  theory  must  be  laid  aside." 

Granting  that  the  " primary  product"  of  the  oxidation 
of  ferrous  sulphate,  for  instance,  is  a  peroxide  of  iron,  the 
composition  of  the  latter  may  be  ascertained  "by  carrying 

1  The  italics  are  the  author's,  throughout. 
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out  the  oxidation  in  presence  of  an  acceptor,  to  which  oxygen 
may  be  transferred  from  the  peroxide.  Many  substances 
can  act  as  acceptors,  but  for  quantitative  investigations  only 
those  of  them  are  suitable  which  react  fairly  quickly  with  the 
ferric  peroxide,  so  that  the  reduction  of  the  peroxide  is  brought 
about  only  by  the  acceptor,  the  evolution  of  oxygen,  or  its 
transference  to  other  substances  (especially  unused  ferrous 
salt)  being  avoided.  The  action  of  the  peroxide  on  the 
acceptor  may  be  rendered  more  complete  by  increasing  the 
concentration  of  the  latter. ' ' 

When  a  suitable  acceptor  has  been  found,  it  is  only 
necessary  to  determine  n,  the  number  of  atoms  of  oxygen 
absorbed  by  the  acceptor  for  every  Fe20,  converted  into 
Fe3Oa;  for  the  formula  of  the  peroxide  may  be  assumed  to  be 
Fe,08  +  „. 

2FeO  *->-  Fe,08  +  „  »-►  Fe,Os  +  »0 

Thus,  according  to  Manchot,  every  process  of  oxidation 
leads  to  the  formation  of  a  primary  oxide,  which  in  general 
has  the  character  of  a  peroxide,  and  whose  formula  may  be 
ascertained  by  determining  the  induction  factor. 

Luther  and  Schilow's  Classification 

Luther  and  Schilow1  take  a  much  broader  view,  and 
admit  the  existence  of  many  types  of  induced  reactions. 

They  begin  by  distinguishing  cases  of  simple  catalysis 
under  conditions  where  the  catalyzer  is  destroyed  by  inde- 
pendent reaction  with  the  actor .  from  true  copulated  re- 
actions; in  the  former  the  induction  factor  can  be  increased 
indefinitely  by  increasing  the  concentration  of  the  acceptor; 
in  the  latter  it  reaches  a  limit  which  depends  on  the  nature 
of  the  reaction  "really"  taking  place  in  the  solution. 

The  authors  then  discuss  "the  main  question,  namely, 
the  methods  of  ascertaining  the  nature  of  the  intermediate 
substance  which  brings  about  the  copulation." 

The    upper   limit,   towards  which   the   induction   factor 

1  Zeit.  phys.  Chem.,  46,  777  (1903). 
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tends  as  the  concentration  of  the  acceptor  is  increased,  may 
be  employed  to  determine  the  degree  of  oxidation  of  the 
intermediate  compound,  but  gives  no  further  information 
as  to  its  formula,  or  as  to  the  reagents  from  which  it  has  been 
formed.  In  the  authors'  opinion,  information  on  this  point 
"can  be  obtained  only  by  suitable  variation  of  the  reagents; 
reagents  which  are  necessary  for  the  formation  of  the  inter- 
mediate substance  must  have  certain  properties,  so  that  they 
can  be  varied  (interchanged)  only  within  definite  limits; 
substances  which  can  replace  one  another  must  in  certain 
respects  be  chemically  analogous ,  or  at  least  be  capable  of 
analogous  chemical  changes.  On  the  other  hand,  the  sub- 
stances which  only  react  with  the  intermediate  body  may 
belong  to  widely  different  chemical  classes,  the  single  respect 
in  which  they  must  resemble  one  another  being  their  ability 
to  enter  into  an  oxidation-reduction  reaction  with  the  (hy- 
pothetical) intermediate  substance." 

"Observation  of  the  occurrence  or  non-occurrence  of 
induction,  when  the  reagents  are  systematically  varied,  there- 
fore enables  one — to  a  certain  extent — to  decide  which  of 
these  substances  plays  a  specific  rdle  in  the  reaction  .... 
and  leads  to  a  classification  of  the  cases  of  induction  hitherto 
observed.  The  principle  underlying  the  following  attempt 
at  such  a  classification,  is  the  dependence  of  copulation  on  the 
specific  nature  of  the  three  reagents — actor,  inductor,  ac- 
ceptor.' ' 

In  class  A,  the  inductor  is  "specific,"  the  other  two 
"unspecific;"  the  intermediate  body  must  therefore  be  a 
derivative  of  the  inductor;  in  classes  B  and  C,  actor  and 
acceptor  respectively  take  the  place  of  the  inductor  of  class 
A.  In  class  D,  both  acceptor  and  inductor  are  "specific," 
and  the  intermediate  body  must  be  regarded  as  a  complex 
derived  from  both  of  them;  classes  E  and  F  complete  the 
series,  inductor  and  actor,  or  acceptor  and  actor  respectively, 
being  "specific." 

In  the  authors'  attempt  to  distribute  the  known  cases  of 
induction  among  their  six  classes,  the  weakness  of  the  "prin- 
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ciple"  on  which  the  classification  rests  becomes  apparent. 
Ferrous  salts,  for  instance,  act  as  inductors  in  15  reactions 
involving  7  actors  and  9  acceptors — all  are  grouped  in  class 
A;  but  the  8  reactions  in  which  SOk  takes  the  part  of  inductor, 
and  in  which  6  actors  and  4  acceptors  are  involved,  are  dis- 
tributed among  the  remaining  five  classes.  "This  example 
shows  how  careful  one  must  be  in  interpreting  the  phenomena 
of  induction;"  it  also  shows  that  much  is  left  to  individual 
opinion  in  the  practical  application  of  the  authors'  "principle" 
of  classification;  Luther  and  Schilow  were  quite  clear  on  this 
point,  "we  consider  our  interpretations  as  in  no  case  final." 

A  New  Classification  Based  on  Kinetic  measurements 

A  firmer  basis  for  the  classification  may  be  secured  by 
treating  the  problems  of  induction  according  to  the  methods 
of  chemical  kinetics;  and  comparing  the  rates  at  which  the 
actor  acts  on  inductor  and  acceptor  taken  each  by  itself, 
with  the  rates  in  solutions  containing  all  three  reagents  to- 
gether. Each  case,  of  course,  must  be  studied  by  itself,  but 
when  the  effects  of  all  the  concentrations  on  the  rates  have 
been  ascertained,  a  suitable  hypothesis  may  be  founded  on  the 
results  of  the  measurements. 

In  the  present  almost  total  absence  of  experimental  data, 
it  would  be  premature  to  develope  a  detailed  classification  of 
the  results  that  may  be  attained  by  future  experimenters; 
it  is  sufficient  to  define  the  three  classes  into  which  all  must 
fall,  and  to  attract  attention  to  an  important  ambiguity  that 
must  always  attend  attempts  to  assign  a  specific  mechanism 
to  any  case  of  induction  which  falls  under  group  II  of  the 
classification  proposed. 

The  Three  Classes 

It  is  assumed  that  in  every  case  the  final  products  of  the 
reactions  in  solutions  containing  all  three  reagents,  are  the 
same  as  the  products  of  the  reactions  between  actor  and 
acceptor  or  actor  and  inductor  separately.  This  excludes  the 
obviously  consecutive  reactions  referred  to  on  page   10. 

Class  i. — The  rate  at  which  the  inductor  is  acted  on,  and 
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the  influence  of  the  concentrations  of  the  reagents  on  that  rate, 
are  unaffected  by  the  presence  and  concentration  of  the  acceptor. 
The  reaction  comes  under  the  head  of  "Catalysis  combined 
with  destruction  of  the  catalyzer/'  and  as  pointed  out  by 
Luther  (page  12)  the  induction  factor  rises  indefinitely  with 
increase  in  concentration  of  the  acceptor. 

Class  ii. — The  rate  at  which  the  actor  is  destroyed,  and  the 
influence  of  the  concentrations  of  the  reagents  on  that  rate,  are 
independent  of  the  presence  and  concentration  of  the  acceptor', 
while  the  rate  at  which  the  inductor  is  acted  on,  though  (neces- 
sarily) slower  than  in  absence  of  the  acceptor,  is  nevertheless 
affected  by  the  concentrations  of  the  reagents  in  the  same  manner 
as  in  the  absence  of  the  acceptor.  The  induction  may  be  ac- 
counted for  by  assuming  one  of  Manchot's  peroxides  or  some 
other  product  of  the  action  of  actor  on  inductor.  This  is  the 
only  case  which  the  peroxide  hypothesis  is  sufficient  to  ex- 
plain; it  includes  Luther's  classes  A,  B  and  E. 

Class  Hi. — The  effect  of  the  concentrations  of  the  reagents 
on  the  rate  at  which  the  inductor  is  destroyed  is  changed  by  adding 
the  acceptor.  The  intermediate  formation  of  some  derivative 
of  the  acceptor  with  actor  or  inductor  may  be  assumed 
(Luther's  D  and  F),  or  resort  may  be  had  to  complicated 
hypotheses  involving  equilibria;  the  peroxide  explanation, 
however,  is  clearly  excluded. 

The  difficulties  met  with  in  carrying  out  the  measurements 
necessary  for  this  classification  are  principally  those  of  chemical 
analysis;  up  to  the  present,  however,  only  two  cases  of  in- 
duction have  been  studied  from  this  point  of  view,  viz. :  those 
in  which  the  action  of  chromic  acid  on  potassium  iodide  is 
accelerated  by  the  simultaneous  oxidation  of  ferrous  sulphate 
or  of  arsenious  acid,  respectively.  They  afford  typical  ex- 
amples of  classes  iii  and  ii. 

Chromic  Acid,  Ferrous  Sulphate,  Potassium  Iodide.    Type  of 

Class  iii 

This  reaction  is  particularly  interesting  as  it  is  one  of 
those  discussed  by  Manchot,  who  thought  it  afforded  striking 
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evidence  of  the  correctness  of  his  theory.  He  considered  the 
"primary  product"  of  the  reaction  between  chromic  acid  and 
ferrous  sulphate  to  be  a  peroxide  of  the  formula  FeaO„  which 
was  instantaneously  reduced  to  ferric  oxide  or  its  salts  by  the 
action  of  ferrous  salts  or  of  iodides.  As  this  theory,  which 
was  subsequently  adopted  by  Luther  and  Schilow,  is  totally 
at  variance  with  the  results  of  the  kinetic  measurements 
quoted  below,  it  is  worth  while  to  recapitulate  the  arguments 
advanced  in  its  support. 

Manchot  relied  on  his  general  theory  of  oxidation,  out- 
lined above  (page  1 1 ) ,  and  on  the  observation  that  there  is  a 
"slight  but  distinct  evolution  of  oxygen  gas  when  ferrous 
sulphate  is  dropped  into  a  concentrated  solution  of  potassium 
bichromate  in  sulphuric  acid ; ' '  he  arrived  at  the  formula  of 
the  peroxide  by  means  of  the  induction  factor.  Theories 
of  the  induction  based  on  a  hypothetical  ferro-hydriodic  acid 
he  dismissed  on  the  ground  that  "potassium  ferrocyanide1 
added  to  the  system:  chromic  acid  plus  hydriodic  acid,  pro- 
duces the  same  effect  as  ferrous  sulphate,  namely,  sets  iodine 
free;  the  liberation  of  iodine  takes  place  a  little  more  slowly, 
probably  because  the  peroxide  is  more  stable  in  this  case; 
obviously  there  can  be  no  talk  of  the  formation  of  a  ferro- 
hydriodic  acid  in  this  case,  nor  of  similar  complexes  in  the 
experiment  on  the  decolorization  of  indigo,  described  below/ ' 

The  considerations  weighing  with  Luther  and  Schilow 
may  be  put  shortly  as  follows :  Ferrous  salts  act  as  inductors 
in  numerous  reactions  involving  actors  and  acceptors  of  the 
most  varied  character;  these  cases,  therefore,  all  come  under 
Group  A  (page  13),  and  are  to  be  explained  by  assuming  the 
primary  formation  of  "an  intermediate  state  of  the  inductor," 
that  is,  a  peroxide  of  iron. 

Miss  Benson's  measurements,2  however,  show  that  the 
effect  of  the  concentrations  of  the  reagents  on  the  rate  at  which 
ferrous  sulphate  is  oxidized  by  chromic  acid  are  altogether 

1  See,    however,    Miss  Benson's  measurements  :  Jour.   Phys.   Ctiem.,   7, 

363  (i9°3). 

a  Jour.  Phys.  Chem.,  7,  356  (1903). 


On  the  Mechanism  of  Induced  Reactions  17 

changed  by  the  addition  of  potassium  iodide.  In  the  absence 
of  potassium  iodide  the  rate  is  proportional  to  the  square 
of  the  concentration  of  the  ferrous  salt,  in  its  presence  to  the 
first  power;  in  the  absence  of  potassium  iodide,  to  the  second 
power  of  the  concentration  of  the  acid,  in  its  presence,  to  the 
third  or  fourth  power;  in  the  absence  of  potassium  iodide 
to  the  1.4th  or  1.8th  power  of  the  concentration  of  the  bi- 
chromate, in  its  presence  to  the  first  power,  while  the  effect 
of  continuously  increasing  the  concentration  of  the  iodide  is 
first  to  lower,  then  to  increase  the  rate  at  which  the  ferrous 
sulphate  was  oxidized. 

The  case  therefore  comes  under  Class  iii  of  page  15; 
and  it  is  quite  impossible  to  assume,  with  Manchot,  and  with 
Luther  and  Schilow,  that  the  reaction  between  ferrous  sulphate 
and  chromic  acid  in  the  presence  of  potassium  iodide  is  essen- 
tially the  same  as  in  its  absence. 

Chromic  Acid,  Arsenious  Acid,  Potassium  Iodide.    Type  of 

Class  ii 

This  reaction  is  not  included  in  Luther  and  Schilow's 
tables,  and  is  not  mentioned  by  Manchot;  the  kinetic  in- 
vestigation, which  has  been  carried  out  by  Mr.  R.  E.  De 
Lury,1  establishes  it  as  the  type  of  Class  ii. 

Whether  potassium  iodide  be  present  or  not,  the  rate  at 
which  arsenious  acid  is  oxidized  by  chromic  acid  is  propor- 
tional to  the  concentrations  of  the  arsenious  acid  and  bi- 
chromate, and  to  the  1.4th  power  of  that  of  the  acid.  When 
potassium  iodide  is  added,  iodine  is  set  free;  and  as  the  con- 
centration of  the  iodide  is  increased  the  rate  of  liberation  of 
iodide  increases  and  the  rate  of  oxidation  of  arsenious  acid 
decreases,  until  the  latter  falls  to  one-third  the  rate  in  the 
absence  of  iodide.  When  this  point  has  been  reached,  two 
equivalents  of  iodine  are  liberated  for  each  equivalent  of 
arsenious  acid  oxidized,  and  further  increase  in  the  concentra- 
tion of  the  iodide  has  no  effect  on  the  rates.  Throughout, 
the  rate  at  which  the  chromic  acid  is  reduced  by  the  mixture 

1  Trans.  Roy.  Soc,  Canada,  May,  1905. 
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of  iodide  and  arsenious  acid  is  the  same  as  though  the  arsenious 
acid  were  present  alone. 

Thus,  in  contrast  to  the  case  of  induction  studied  by  Miss 
Benson,  the  reaction  involving  the  reduction  of  chromic  acid  is 
essentially  the  same  whether  iodide  be  added  or  not ;  it  may  there- 
fore be  accounted  for  by  assuming  that  a  (hypothetical) 
peroxide  of  arsenic  is  the  primary  product  of  the  reaction 
whose  rate  is  measured,  and  that  this  peroxide  is  immediately 
reduced  to  arsenic  acid  by  either  potassium  iodide  or  arsenious 
acid  (Manchot's  hypothesis). 

Alternative  Mechanisms  for  Reactions  of  Class  ii 

From  what  precedes,  it  is  clear  that  a  study  of  the  rates  at 
which  inductor  and  acceptor  are  acted  on  by  the  oxidizing 
agent  (actor)  is  sufficient  to  assign  each  case  studied  to  one  of 
three  classes;  and  in  particular,  that  cases  of  induction  which 
can  be  explained  on  Manchot's  hypothesis  may  be  distinguished 
by  this  means  from  those  which  can  not. 

The  results  of  the  rate  measurements,  on  the  other  hand, 
may  often  be  explained  equally  well  by  several  different 
hypothetical  mechanisms,  within  the  same  group.  Mr.  De 
Lury's  experiments  with  chromic  acid,  arsenic,  and  potassium 
iodide,  for  instance,  may  be  accounted  for  by  assuming  either 
As2O0,  Cr205,  or  their  hydrates,  or  some  Cr-As  compound  of  a 
suitable  state  of  oxidation,  as  the  primary  product  of  the 
action  of  chromic  acid  on  arsenious  acid. 

The  method  of  "suitable  variation  of  the  reagents"  leads 
to  no  definite  conclusion  as  to  which  of  these  assumptions 
is  the  best.  True,  the  reaction  between  chromic  acid  and 
iodides  is  induced  by  ferrous  salts  and  by  tartaric  acid  as  well 
as  by  arsenious  acid,  which  seems  to  point  to  the  chromic 
acid  as  the  "specific"  and  the  arsenic  as  the  "unspecific" 
reagent,  and  thus  to  support  the  Cr205  hypothesis;  the  As3O0 
theory,  however,  is  suggested  by  the  occurrence  of  numerous 
reactions  in  which  arsenious  acid  plays  the  part  of  inductor, 
and  although  iodides  are  not  mentioned  as  acceptors  in  any 
of  the  cases  recorded  in  Luther's  tables,  this  may  be  due  to 
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the  difficulty  of  finding  another  oxidizing  agent  which  (like 
chromic  acid)  acts  on  arsenic  quicker  than  on  potassium 
iodide. 

It  is  possible,  on  the  other  hand,  that  further  rate 
measurements  may  lead  to  the  adoption  of  one  of  the  three 
theories  rather  than  the  others;  although,  as  all  three  lead 
to  the  same  conclusions  with  regard  to  the  induction  just 
studied,  this  might  at  first  sight  seem  impossible. 

For  example,  the  fact  that  in  dilute  solutions  the  rate  of 
oxidation  of  potassium  iodide  by  chromic  acid1  is  propor- 
tional to  the  concentrations  of  the  iodide  and  bichromate, 
may  be  accounted  for  by  assuming  the  reaction 

H,CrOT  +  HI  =  HOI  +  H.Cr.O, 

in  which  the  hypothetical  H2Cr,Oe  (a  hydrate  of  the  Cr,0§  of 
page  18)  is  taken  as  "primary  product."  But  if  this  view 
of  the  reaction  between  chromic  and  hydriodic  acids  be  com- 
bined with  the  Cr206  explanation  of  the  induction  by  arsenious 
acid,  it  follows  that  hydriodic  acid  must  act  as  inductor  to  the 
reaction  between  arsenious  and  chromic  acids,  that  the  two 
reactions  must  be  reciprocally  inductive  in  fact ;  and  it  is  even 
possible  to  calculate  the  effects  of  the  concentrations  on  the 
rates  and  on  the  induction  factor  in  one  case  from  a  knowledge 
of  the  other. 

As  the  rates  at  which  chromic  acid  oxidizes  hydriodic 
and  arsenious  acids,  respectively,  are  different  functions  of 
the  concentrations  of  the  acid,  it  may  be  possible  to  increase 
the  former  and  decrease  the  latter  sufficiently  to  render  these 
relations  accessible  to  experimental  investigation.  Such  ex- 
periments, if  carried  out,  would  remove  one  more  degree  of 
freedom  from  the  imagination  when  inventing  "mechanisms" 
to  explain  the  phenomena  of  chemical  induction. 

Summary 

The  methods  hitherto  proposed  for  classifying  cases  of 
chemical  induction  are  unsatisfactory. 

A  new  classification  is  proposed,  based  on  kinetic  measure- 

1  Jour.  Phys.  Chem.,  7,  239  (1903). 
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n\ents.  According  to  this,  the  induced  reactions  are  divided 
into  three  classes :  (i)  cases  of  catalysis  combined  with  destruc- 
tion of  the  catalyser,  (ii)  cases  in  which  the  reaction  between 
actor  and  inductor  is  the  same  whether  acceptor  be  present  or 
no,  (iii)  cases  in  which  it  is  not. 

Only  two  induced  reactions  have  as  yet  been  studied 
from  this  point  of  view;  they  furnish  typical  examples  of 
classes  ii  and  iii. 

Reactions  of  class  ii  can  be  explained  equally  well  by 
several  different  hypothetical  mechanisms  (including  Manchot's 
peroxide  hypothesis),  all  of  which  predict  the  same  kinetic 
relations.  The  choice  may  be  narrowed,  however,  by  further 
kinetic  experiments. 

The  University  of  Toronto, 
December,  1906 
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THE  RATE  OF  OXIDATION  OF  ARSENIOUS  ACID  BY 

CHROMIC  ACID. 


BY    RALPH    E.    DE  LURY 

The  following  measurements  together  with  those  on  the 
rate  of  oxidation  of  iodide  by  chromic  acid1  constitute  a 
necessary  preliminary  investigation  to  the  study  of  the  rates 
of  the  reactions  in  solutions  containing  arsenious  acid,  iodide, 
bichromate  and  sulphuric  acid. 2 

In  all  of  these  experiments  the  concentration  of  the 
arsenious  acid  was  small  and  the  sulphuric  acid  and  potassium 
bichromate  concentrations  relatively  large,  so  that  the  results 
might  be  directly  comparable  with  the  measurements  in  which 
iodide  was  present.  It  was  consequently  possible  to  consider 
the  concentrations  of  the  sulphuric  acid  and  bichromate  as 
constant  in  the  experiments  of  each  table. 

Method  of  Experimenting* 

A  supply  of  distilled  water  and  dilute  solutions  of  potas- 
sium bichromate,  sulphuric  acid  and  arsenious  acid  were  kept 
at  o°  C  in  a  thermostat.  The  bichromate  and  sulphuric  acid 
and  some  of  the  water  were  measured  into  a  beaker  clamped 
down  in  the  bath;  the  arsenious  acid  mixed  with  the  rest  of 
the  water  necessary  to  make  up  the  required  total  volume, 
was  thrown  into  the  beaker  from  a  large  test-tube,  the  re- 
acting  mixture  violently  stirred  and  the  time  noted.  To  stop 
the  reaction  a  quantity  of  ammonium  bicarbonate  solution 
more  than  sufficient  to  neutralize  the  acid  present  wras  added 
to  the  beaker  and  the  contents  were  thoroughly  stirred.  The 
residual  arsenious  acid  was  then  determined  bv  titration 
with  volumetric  iodine  and  arsenious  acid. 

Solutions  Employed 

The  following  stock  solutions  were  prepared : 

Potassium  Bichromate,  K2Cr2Ov  o.  i  F,  or  0.6  A:,  prepared 

1  De  Lury  :  Jour.  Phys.  Chem.,  7,  239  (1903). 
?  Ibid.,  immediately  following  the  present  paper. 
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by  dissolving  58.9  grams  of  the  pure  salt  in  2  liters  of  distilled 
water. 

Sulphuric  Acid,  H%S04,  0.967  N,  standardized  gravi- 
metrically  with  barium. 

Arsenious  Acid,  Asfit,  0.025  F,  or  °-1  N,  prepared  by 
dissolving  9.90  grams  of  pure  "lump  white  arsenic"  in  hot 
water  and  diluting  to  2  liters  with  distilled  water;  before  use 
the  solution  was  diluted  to  ten  times  its  volume  with  boiled 
distilled  water  (to  prevent  slow  oxidation  by  oxgyen). 

Iodine,  approximately  0.1  N,  prepared  by  dissolving 
resublimed  iodine  in  potassium  iodide  solution  and  diluting. 
For  titrating,  this  solution  was  diluted  to  ten  times  its  volume 
and  compared  frequently  with  the  volumetric  arsenious  acid 
solution. 

Ammonium  Bicarbonate,  "  restrainer,"  prepared  by  passing 
carbon  dioxide  into  a  saturated  solution  of  commercial  ammo- 
nium carbonate,  diluting  with  its  own  volume  of  water  and 
again  saturating  with  carbon  dioxide. 

Starch  Solution,  "indicator,"  prepared  frequently  by  dis- 
solving a  gram  or  two  of  starch  in  500  cc  of  boiling  water, 
cooling  .and  allowing  to  settle. 

Explanation  of  the  Tables 

After  Cr  and  Ac  at  the  head  of  the  tables  are  given  the 
amounts  expressed  in  io"5  gram-formula-weights  (t.  e.,  in  cc 
of  0.0 1  solution)  of  K2Cr207  and  H^S04  respectively;  after 
As  the  amount  of  As2Oz,  the  unit  being  0.25  X  io~5  gram- 
formula- weights  (i.  e.,  1  cc  of  0.0 1  N  solution);  after  Vol.  is 
given  the  volume  of  the  reacting  mixture  in  cubic  centimeters. 

The  constant  k  is  defined  by  the  equation,  k  =  -\og.i0-. r— — 

where  x  is  the  amount  (expressed  in  cc  of  0.01  N  solution) 
of  arsenious  acid  oxidized  in  t  minutes.  After  Avg.  at  the 
end  of  the  tables  is  given  the  average  of  the  constants;  in 
taking  the  average,  bracketed  numbers  were  omitted. 
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Table  I  Table  II 

As,  9.94;   O,  149;  Ac%  484;  Vol.,  500  As,  9.94;  Cr%  298;  Ac,  484;    PW. ,  500 


As  —  x 


2 

3 
4 

5 
7 


7.54 

6.53 
6.04 

5.20 
3.91 


2.40  0.060 

3.41  0.061 
3.90  0.054 
4.74  •  0.056 
6.03             0.058 

Avg.  0.058 


As 


1 
2 

3 
4 


7.5i 
6.05 

5-oo 
3-93 


2.43  .  0.122 
3.89  '  0.108 
4.94  0.100 

6.01  0.108 

Avg.  o.  no 


Table  III  :  Table  IV 

As,  9.94;  Cr%  447;  Ac,  484;    Vol.,  500^5,  4.95;  Cr,  149;  Ac,  484;    JW.,  500 


1 
2 


^5  —  .r 

6.46 
4.54 


As 


3.48 
5-40 


0.187 
O.170 


Avg.  o.i78 


1 
2 

3 
4 
5 


4-45 
3-92 

3.44 
3.02 

2.72 


Table  V 


0.50 
1.03 

1-5* 

i-93 
2.23 


Table  VI 


j     (0.046) 
0.05 1 

°-o53 
0.054 

0.052 

Avg.  0.052 


A  ADl,^      V  A  AD1.C,      V  J. 

//j,  9.94;  Cr,  149;    ^f,  968:    PW,  500  As,  9.94;   Cr,  149;    Ac,  725;    F<?/.,  ;,oo 


(0.118) 
0.1 10 

o.  Ill 

0.106 
0.105 
0.104 
Avg.  0.107 

In  the  measurements  of  Tables  I-VI  the  residual  arsenious 
acid  was  not  always  titrated  immediately  after  adding  the 
restrainer;  this  introduced  an  error  due  to  oxidation  of 
arsenious  acid  in  alkaline  solution.1  In  the  measurements  of 
Tables  VII-XVI  the  arsenious  acid  was  titrated  with  iodine 


/ 

As  —  x 

X 

k 

/  | 

As  —  x 

x 

I 

6.61 

3-33 

(0.177) 

1 
1 

7.58 

2.36 

'•5 

5-56 

4.38 

0.168 

1.5 

6.79 

3-15 

2 

4.70 

5-24 

0.163 

2 

5.96 

3.98 

2.5 

3.93 

6.01 

1 

0. 161 

2.5 

5.40 

4-54 

3 

3.17 

6.77 

0.166 

3 

4.83 

5.ii 

Avg. 

0.164 

4 

3.80 

6.14 

1  Kessler  :  Pogg.  Ann  ,  113,  142(1861).  In  an  average  case  (Table  XIV), 
it  was  found  that  about  0.05  cc  of  0.01  N  arsenious  acid  solution  was  oxidized 
in  one  minute  after  adding  the  restrainer. 
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in  the  ice  bath  immediately  after  stopping  the  reaction;  to 
make  the  end-point  distinct,  a  light  and  reflector  and  beakers 
coated  with  white  enamel  were  used.  The  constants  of  these 
tables  are  more  uniform  than  those  of  the  above  six  tables. 


Table  VII  (under  C02)  Table  VIII 

As,  10.00;  Cr,  20;  Ac,  242;   Vol.,  300  As,  10.00;  Cr,  20;  Ac,  242;    Vol.,  300 


As  —  x 


As  —  x 


' 

_    _.     _. 

■ 

■ 

. 

__ 

5 

8.77 

1 

1.23           0.01 14 

5 

8.79 

I.2I          | 

0.0112 

10 

7.67 

2.33       1     0.01 15* 

10    1 

7.66 

2-34 

0.01 16  ■ 

15 

6.69 

3.31       l     0.0116 

J5    , 

6.72 

3.28     ! 

0.0115 

20 

5-90 

4.10       1     0.01 15 

20    ' 

6.01 

3.99    1 

O.OIII 

Avg.  0.0115 

25    1 

5-20 

4.80 

0.01 14 

30 

4.75 

5.25       ! 
Avg. 

(0.0108) 
0.0114 

Table  IX  Table  X 

As,  20.00;  Cr,  20;  Ac,  24.2;    Vol.,  300  As,  5.00;    Cr,  20;   Ac,  242;    Vol.,  300 


' 

As  —  x 

x         1 

1 

k 

* 
.  1 

As  —  x     ' 

X              1 

k 

5 

17.32 

2.68       | 

0.012 1 

t 

5 

1 
4.37       : 

1 
0.63 

0.01 1 7 

10 

15.27 

I      4.73      ! 

0.0117 

10 

1 

3.84 

1.16 

0.0 1 1 5 

15 

13.50 

6.50      | 

0.0114 

15 

3.32 

1.68 

l 

0.0112 

20 

l       11.95 

!     8-05     1 

0.0112 

20 

2.97 

2.03      ! 

0.0113 

Avg. 

0.0116 

25 

2.59 

2.41      , 

0.01 14 

30 

2.29 

2.71 

Avg. 

0.0113 
0.0114 

Table  XI  Table  XII 

As,  10.00;  Cr,  20;  Ac,  484;    Vol.,  300AS,  5.00;    Cr,  20;    Ac,  484;    Vol.,  300 


As  —  x 


As  —  x 


x 


5  1 

6.83 

3.17           0.0332 

1 

5 

348 

1.52 

0.0315 

10  ! 

4-»3 

5.17           0.0316 

10 

2.47       1 

2.53 

0.0306 

14   1 

3-7i 

6.29           0.0307 

15 

i.77 

3.23 

0.0301 

Avg.  0.0318 

20 

1.30 

3.7o 

0.0293 

25 

0.96 

4.04 

Av± 

0.0287 

r.  O.030O 
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Table  XIII  Table  XIV 

As,  10.00;  Cr,  40;  Ac,  242;    Vol.,  300  As,  5.00;    Cr,  40;   ^rt  242;   Vol.,  300 


5 
10 

15 


As  —  x 

7.77 
6.07 
4.78 


2.23  0.0219 

3.93  0.0217 

5.22  0.0214 

Avg.  0.0217 


5 
10 

15 
20 

25 
30 


As  —  x 

4-05 

3-24 

2.55 

2.51 
1.92 

1.76 
i-37 


o.95 
1.76 

2.45 
2.49 

3.08 

3-24 
3.63 


(0.0183) 
0.0188 
0.0209 
0.0202 
0.0208 

(0.0181) 
0.0188 


Avg.  0.0200 


Table  XV  Table  XVI  (io°  Q 

As,  10.00;  Cr,  20;  Ac,  121;   Vol.,  300  As,  10.00;  Cr,  20;  Ac,  242;  Vol.,  300 


/ 

As-x 

1 

9.00 

X 

1. 00 

k 
0.0046 

1 

1 "  10 

1  As  —  x 
7.15   1 

X 

k 

10 

2.85 

0.0146 

20 

8.20   j 

1.80 

0.0043 

1  15 

6.10   ' 

3.90 

0.0146 

22.5 

7.99 

2.01 

0.0043 

20 

5.18 

4.82 

0.0143 

30 

7.38 

2.62 

0.0043 

Avg.  0.0144 

Ai'i 

r.   O.OO44 

1 

The  oxygen  of  the  air,  while  it  affects  the  oxidation  of 
arsenite  in  alkaline  solution,  has  no  effect  on  the  oxidation  of 
arsenious  acid  by  chromic  acid.  This  is  seen  by  comparing 
Tables  VII  and  VIII.  The  measurements  of  VII  were  made, 
using  solutions  free  from  air  and  protecting  the  reacting 
mixture  with  carbon  dioxide;  those  of  VIII  were  made,  taking 
no  precautions  to  exclude  air.  The  constants  and  As-x 
readings  agree  closely. 

I  further  satisfied  mvself  that  arsenic  acid  of  the  con- 
centration  formed  in  the  experiments  has  no  effect  on  the  rate 
of  oxidation  of  arsenious  acid. 

Discussion  of  the  Results  ■ 

Effect  of  the  Arsenious  Acid. — The  fair  constancy  of  k 
throughout  the  tables,  more  particularly  in  Tables  VII-XVI 
where  special  precautions  were  taken,  leads  to  the  conclusion 
that  the  rate  of  oxidation  of  arsenious  acid  bv  chromic  acid  is 
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proportional  to  the  first  power  of  the  concentration  of  the 
arsenious  acid;  conclusive  proof  of  this  is  furnished  by  the 
fact  that  k  is  unaffected  by  changing  the  concentration  of  the 
arsenious  acid  (Tables  I  and  IV;  VII,  VIII  and  IX;  XI  and 
XII). 

Effect  of  the  Bichromate. — Doubling  the  concentration 
of  the  bichromate  nearly  doubles  the  constant,  or  halves  the 
time  necessary  for  the  oxidation  of  the  same  amount  of  ar- 
senious acid  (Tables I  and  II ;  VII,  VIII and  XIII;  Xand  XIV). 
Trebling  Cr  trebles  k  or  divides  by  three  the  time  necessary 
for  the  oxidation  of  a  fixed  amount  of  arsenious  acid  (Tables 
I  and  III).  The  rate  of  oxidation  of  arsenious  acid  is  thus 
nearly  proportional  to  the  first  power  of  the  concentration  of 
the  bichromate.  This  deviation  from  an  exact  first  power 
may  be  attributed  to  incomplete  dissociation  of  H2Cr2Or 
To  account  for  the  fall  in  the  constant  it  is  necessary  to  assume 
that  the  dissociation  of  the  chromic  acid  in  mixture  VIII  is 
about  7  percent  greater  than  in  XIII.1 

Effect  of  the  Sulphuric  Acid. — If  the  concentration  of  the 
sulphuric  acid  be  doubled  the  constant  is  nearly  trebled,  or 
the  time  needed  to  oxidize  the  same  amount  of  arsenious  acid 
is  divided  by  three  (Tables  I  and  V,  VII,  VIII  and  XI).  The 
results  of  Table  VI  are  in  accord  with  this.  The  rate  may 
thus  be  set  proportional  to  the  1.4th  or  1.5/A  power  of  the 
concentration  of  the  sulphuric  acid.  The  deviation  from  a 
sharp  second  power  is  probably  due  to  the  influence  of  the 
hydrogenion  on  the  dissociation  of  the  arsenious  acid;  it  is 
quite  possible  that  arsenious  acid  in  more  than  one  form 
(ions  or  undissociated  acid)  reacts  with  chromic  acid,  and  the 
rates  of  these  reactions  involve  different  powers  of  the  con- 
centration of  the  hydrogenion,  the  resultant  power  being  the 
1.4th  in  the  above  experiments. 

Effect  of  the  Temperature. — For  an  increase  of  io°  C  in 
the  temperature  the  constant  is  increased  from  0.0114  to 
0.0144  (Tables  VIII  and  XVI);  that  is,  the  rate  is  in- 
creased only  26  percent,  a  very  low  temperature  effect  indeed. 

1  See  also  Jour.  Phy9.  Chem.,  7,  248  (1903). 
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The  experimental  results  of  this  investigation  are  sum- 
marized in  Table  XVII.  K  is  defined  by  the  equation  (Vol. 
300  cc), 


and  hence 


^  =  K(As  -  x).Cp"9.A*4, 


y,  2.30    £  (      VOI    \     ^ 

~~  Cr°-9.^^4  *   1  300  J      " 


It  will  be  seen  that  the  value  of  K  is  fairly  constant 

throughout. 

Tablb  XVII 


Table 


I 

.   II 
III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

XV 


As 

9.94 
9.94 

9-94 

4.95 
9.94 

9.94 
10.00 
10.00 
20.00 

5.00 
10.00 

5-oo 
10.00 

5-oo 

5.00 


Cr 


149 
298 

447 

149. 
149 

149 

20 

20 

20 

20 

20 

20 

40 

40 

20 


Ac 

484 

484 
484 

484 
968 
726 
242 
242 
242 
242 
484 

484 
242 
242 
121 


Vol. 

500 
500 
500 
500 
500 
500 
300 
300 
300 
300 
300 
300 
300 
300 
300 


K  X  io8 


0.058 

84 

O.IIO 

85 

0.178 

95 

0.052 

75 

0.164 

89 

0.107 

87 

0.0115 

82 

0.0 1 14 

<     82 

0.01 1 6 

83 

0.01 14 

82 

0.0318 

86 

0.0300 

81 

0.0217 

83 

0.0200 

77 

0.0044 

83 

Summary 

The  rate  of  oxidation  of  arsenious  acid  (dilute  solutions) 
by  bichromate  and  sulphuric  acid,  is  proportional  to  the  first 
power  of  the  concentration  of  the  arsenious  acid,  the  0.9/A 
power  of  the  concentration  of  the  bichromate  and  the  1.4th 
power  of  the  concentration  of  the  sulphuric  acid,  that  is, 

d4i  =  K(As  —  x).Cr**.Ac**. 
at 

The  effect  of  temperature  on  this  reaction  is  unusually 
small;  for  an  increase  of  io°  C  the  rate  is  increased  only  26 
percent. 

University  of  Toronto^ 
May,  1905 


THE    INDUCTION    BY    ARSENIOUS    ACID    OF    THE 

REACTION  BETWEEN  CHROMIC  AND 

HYDRIODIC  ACIDS 


BY  RALPH   E.    DE  LURY 

It  has  long  been  known  that  the  process  of  oxidation  in 
solution  can  often  be  hastened  by  the  presence  of  a  small 
quantity  of  some  easily  oxidizable  substance.  This  phe- 
nomenon is  called  induced  oxidation :  the  name  acceptor  is  given 
to  the  substance  whose  oxidation  is  accelerated  and  the 
reagent  causing  the  acceleration  is  called  the  inductor.  Fer- 
rous salts,  arsenious  acid  and  nitric  oxide  act  as  inductors 
and  iodide  as  acceptor  for  the  oxygen  of  chromic  acid. 

About  the  middle  of  the  last  century  many  cases  of 
induced  oxidation,  occurring  chiefly  in  the  development  of 
methods  of  analysis,  were  noted  and  classified  by  Schonbein, 
Kessler  and  others.  By  selecting  various  combinations  of 
reducing  and  oxidizing  agents  the  number  of  similar  cases 
might  be  multiplied  indefinitely.  Many  of  these  cases  have 
been  studied  qualitatively  and  to  a  certain  degree  quan- 
titatively, and  the  attempts  to  explain  the  results  of  these 
investigations  have  led  to  the  development  of  the  peroxide 
theory  so  ably  championed  by  Manchot.1 

The  peroxide  theory  is  based  on  a  considerable  amount  of 
qualitative  and  some  quantitative  data,  and  on  the  fact  that 
some  peroxides  are  known  to  be  formed  in  the  process  of 
oxidation,  such  as  hydrogen  peroxide  and  benzoyl  hydro- 
peroxide: these  peroxides  may  be  regarded  as  the  primary 
products  of  the  oxidation  of  hydrogen  and  benzaldehyde 
respectively. 

However,  if  a  non-isolable  peroxide,  regarded  as  the  cause 
of  induced  oxidation,  be  formed,  its  formation  can  be 
ascertained  only  by  a  careful  study  of  the  rates  of  all  the 
reactions  involved,  since  it  is  as  an  explanation  of  these  rates 

1  Lieb.  Ann.,  325,  95  (1902). 
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that  the  peroxide  theory  is  advanced.  This  obvious  method 
of  attacking  the  problem  has  been  neglected,  no  doubt  on 
account  of  the  difficulties  of  analysis  which  such  a  method  in 
general  presents;  hence  the  quantitative  investigation  of  such 
cases  has  been  chiefly  confined  to  the  measurement  of  the 
ratio  of  the  amounts  of  inductor  and  acceptor  oxidized  when 
the  reaction  is  complete.  *  Such  a  method  will  often  give  the 
oxidizing  value  of  the  intermediate  product  but  the  results 
are  not  reliable  or  sufficient. 

The  only  case  of  which  I  am  aware  to  which  the  method 
of  studying  all  the  rates  involved  has  been  applied  as  yet, 
is  the  reactions  in  solutions  containing  chromic  acid,  iodide 
and  ferrous  salt2  investigated  by  Miss  C.  C.  Benson,  and 
curiously  enough  the  results  are  not  in  accord  with  the  peroxide 
theory. 

In  the  present  paper  I  communicate  the  results  of  measure- 
ments of  the  rates  of  the  reactions  in  solutions  containing 
chromic  acid,  iodide  and  arsenious  acid  and  am  able  to  show 
that  the  assumption  of  the  formation  of  a  peroxide  explains 
the  induction  in  this  case.  The  rates  of  oxidation  of  iodide3 
and  of  arsenious  acid4  by  chromic  acid  have  already  been 
studied  by  myself. 

Plan  of  the  Investigation 

In  solutions  containing  potassium  iodide,  arsenious  acid, 
potassium  bichromate  and  sulphuric  acid  the  following  re- 
actions may  occur: 

A.     Oxidation  of  the  iodide  by  chromic  acid, 

9AY  +  KCr207  +  7HtSOK  =  jA%  +  Crt(SOX  +  4^\SO,  +  7HtO% 

1  Manchot :  loc.  cit.;  Schilow:  Zeit.  phys.  Chetti.  42,  641  (1903). 
*  Jour.  Phys.  Cheni.,  7,  356  (1903). 
3  Ibid.,  7,  239  (1903). 
1  Ibid.,  11,  47  («9o7)- 
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whose  rate  at  o°  C,  may  be  represented1  approximately  by 
the  kinetic  equation:* 

^  (c)  =  Ric=  iyao-».Cr.(Acy]xi  +  o.oo2(Kiy 

B.  Oxidation  of  arsenious  acid  by  chromic  acid, 

jAst0i+2A^Crt01+S//7S0i=jAs,0b+2Cr1(S04)i+2/(r7S0i+S//t0. 

In  the  absence  of  potassium  iodide  the  rate  of  this  reaction 
at  o°  C,  may  be  represented  by  the  equation  :8 

V 

dAs 

■?-  (c)  --  Rac  =  83 X /o-8. As. (Cr)»9. (Ac)'*  (2) 

at 

C.  Oxidation  of  the  iodide  by  arsenic  acid  formed  in 
the  reaction, 

6KI  +  As2Ob  +  2H2S0A=2KIZ  +  As.O%  +  2K2S0A  +  2Hfit 

and  the  rate  of  this  reaction  at  o°  C,  may  be  represented4 
thus: 

dl  v 

zlj  (a)  =  Ria  =  4Kio-*\As.KLAc  (3) 


1  AY,  Cr  and  ^^  denote  the  amounts  of  potassium  iodide,  potassium  bi- 
chromate and  sulphuric  acid  respectively,  expressed  in  10—5  gram-formula- 
weights  (i.  e.  iu  cc.  of  0.01  F solution):  the  same  unit  as  employed  in  the  meas- 
urements on  the  rate  of  oxidation  of  iodide  by  chromic  acid  (loc.  cit. ).     As  and 


V 


As  denote  respectively  the  amounts  of  arsenious  acid  and  arsenic  acid  ex- 
pressed in  0.25x10—5  gram-formula- weights  (i.  e.  in  cc.  of  0.01  N  solution); 
this  unit  is  selected  in  order  to  facilitate  comparison  between  the  iodine  and 
arsenious  acid  readings  in  the  Tables  which  follow.  /3  denotes  the  "free 
iodine"  in  0.5x10—5  gram-formula-weights  (i.  e.  in  cc.  of  0.01  A^  solution). 
The  letter  R  denotes  rate;  Ric  denotes  the  rate  of  oxidation  of  iodide  by 
chromic  acid;  Rac  denotes  the  rate  of  oxidation  of  arsenious  acid  by  chromic 
acid,  etc.  In  the  subscripts  tc,  ac,  etc.  the  letters  j ,  a,  r,  suggest  iodide  (or  tri- 
iodide),  arsenious  acid  (or  arsenic  acid),  and  chromic  acid  respectively: 
the  letter  which  goes  first  denoting  the  substance  oxidized  and  the  second  letter 
the  substance  oxidizing. 

The  constants  are  calculated  for  a  volume  of  300  cc. 

1  De  Lury:  loc.  cit. 

8  The  paper  just  preceding  the  present  paper. 

4  Roebuck:  Jour.  Phys.  Chem.,  6,  365  (1902).  In  concentrated  solutions 
the  indices  of  the  power  of  KI  and  Ac  are  greater  than  1. 
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D.     Oxidation   of  the   arsenious  acid  by  the  triiodide 
formed  in  the  reaction, 

As20B  +  2KIZ  +  2K2S04  +  2HJJ  =  AstOt  +  6KI  +  2/f2S04 
whose  rate  at  o°  C,  is  expressed  by  :l 


V 


dAs  df 

dt  {i)  =  ~  ^W=^«  =  ^x/^./rA. (#:/)-». (A)"1  (4) 

E.  Oxidation  of  the  iodide  due  to  the  influence  of  the 
arsenious  acid;  the  symbol  Rip  denotes  the  rate  of  this  re- 
action.2 

In  order  to  simplify  the  study  of  the  rate  of  reaction  E 
the  concentrations  of  the  reagents  were  selected  so  as  to 
reduce  the  rates  of  reactions  A,  C  and  D  as  much  as  possible. 
Of  these,  reaction  C  (Rid)  gave  no  trouble  at  all  since  the 
rate  constant  is  very  small  and  no  arsenic  acid  was  present 
except  that  formed  in  reactions  B  (Rac)  and  D  (Rai).  The 
loss  of  J8  by  reaction  D  could  not  be  prevented  by  high  con- 
centrations of  KI  and  Ac  without  unduly  increasing  Ric,  and 
in  the  end  it  was  found  necessary  to  remove  the  iodine  as  soon 
as  it  was  liberated  by  the  use  of  thiosulphate  (see  page  58). 

Thus  in  my  experiments  Ria  and  Rai  were  negligibly 
small,  and  therefore, 

V 

^±  =  Ra  =  Rac+M*  (5) 

d~*  =  Ri  =  Ric  +  Rip  (6) 

and  Ric  being  determined  by  blank  experiments  Rip  is  ob- 
tained by  difference. 

EXPERIMENTAL  PART 

It  was  necessary  to  determine  the  quantities  of  iodide  and 
arsenious  acid  oxidized  at  any  stage  of  the  reaction.  Three 
methods  of  analysis  were  tried. 

First  Method. — When  a  suitable  interval  had  elapsed  the 

1  Roebuck  :  Loc.  cit. 

*  p,  for  peroxide  in  anticipation  of  the  theory  (see  p.  78). 

3  M  is  the  modification  in  Rac  due  to  the  iodide  (see  p.  73). 
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concentration  of  the  acid  was  reduced  by  addition  of  sodium 
bicarbonate,  the  iodine  quickly  titrated  with  sodium  thio- 
sulphate,  excess  of  ammonium  bicarbonate  added  and  the 
residual  arsenious  acid  titrated  with  iodine.  This  method  was 
not  successful. 

Second  Method. — After  the  reaction  had  proceeded  for 
some  time  excess  of  ammonium  bicarbonate  was  added  and 
the  arsenious  acid  titrated  with  iodine.  In  a  duplicate  ex- 
periment after  the  same  interval,  a  measured  quantity  of 
0.002  N  thiosulphate  solution,  slightly  in  excess  of  the  iodine 
present,  was  thrown  into  the  reacting  mixture,  with  violent 
stirring  just  before  the  ammonium  bicarbonate  which  served 
as  restrainer.  Starch  was  then  added  ajid  the  arsenious  acid 
and  residual  thiosulphate  titrated  with  iodine,  the  iodine 
added  being  the  sum  of  the  arsenious  acid  and  a  function  of 
the  remaining  thiosulphate.  From  these  two  measurements 
the  arsenious  acid  oxidized  and  the  iodine  present  could  be 
determined  if  this  function  were  known.  Experiments  showed 
that  it  depended  on  so  many  variables  that  no  reliable  deter- 
minations could  be  made,  and  the  method  was  abandoned. 

Third  Method. — In  the  end  a  modification  q{  Harcourt 
and  Esson's  compensation  method  was  found  to  serve,  and 
was  adopted  in  all  the  measurements  of  this  paper.  The 
details  of  the  method  are  as  follows: 

Method  of  Making  the  Measurements 

Distilled  water  and  dilute  solutions  of  potassium  bi- 
chromate, sulphuric  acid,  potassium  iodide  and  arsenious 
acid  were  kept  at  o°  C  in  a  thermostat.  The  bichromate, 
sulphuric  acid  and  water  were  mixed  in  a  beaker  coated  on  the 
outside  with  white  enamel.  In  £  large  test-tube  the  iodide 
and  arsenious  acid  were  mixed  and  a  little  starch  solution 
added.  At  a  suitable  time  the  contents  of  the  test-tube  were 
thrown  into  the  beaker  with  violent  stirring,  and  a  stop- 
watch set  going  by  pressure  of  the  foot. 

Over  the  beaker  was  clamped  a  10  cc  burette  from  which 
0.0 1  N  sodium  thiosulphate  solution  was  added  drop  by  drop 
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as  the  reaction  proceeded,  care  being  taken  to  keep  the  solu- 
tion in  the  beaker  as  near  as  possible  free  from  both  iodine 
and  thiosulphate.  A  number  of  readings  of  the  burette  were 
made  during  each  experiment,  and  finally  after  a  definite 
interval  the  reaction  was  stopped  with  excess  of  ammonium 
bicarbonate,  and  the  residual  arsenious  acid  titrated  im- 
mediately1 with  iodine. 

To  test  the  method  of  analysis  the  measurements  re- 
corded in  Tables  I,  II  and  III  were  made.  In  these  tables, 
"yellow"  denotes  "slight  excess  of  thiosulphate/ '  and  "green1* 
denotes  "slight  excess  of  iodine,' '  that  is,  just  enough  to  keep 
the  reacting  mixture  bluish  green  with  the  starch  present; 
"close"  means  "as  near  as  possible  free  from  both  thiosul- 
phate and  iodine." 

Table  I  %  Table  II 

As,  10.00;    KI,  9.8;    Cr,  20;   Ac,  484      As,  10.00;  KI,  245;    Cr,  20;   Ac,  242 


Minutes 

5.1 
5.1 
5-1 


cc  thiosulphate 


Minutes 


1.59  yellow  9.5 

1.3 1  close  9.5 

1.09  green  9.6 

Table  III 
As,  10.00;  KI,  98;  Cr,  20;  Ac,  242 


cc  thiosulphate 

2.00  yellow 
2.00  close 
2.00  green 


cc  thiosulphate 


yellow 
Minutes 


close 
Minutes 


green 
Minutes 


0.53 
1. 00 

1.50 


3-2 
6.0 
9.0 


3-5 
6.2 

9-1 


3.3 
6.2 

8.8 


2.00  1 1.9  12.0  12.0 

In  Table  I  where  the  concentration  of  the  iodide  was  low 
the  amount  of  thiosulphate  needed  to  neutralize  the  iodine 
liberated  in  a  fixed  interval,  depends  on  the  method  of  work- 
ing. This  is  clue  to  the  absorption  of  iodine  by  arsenious 
acid,  and  as  the  rate  of  this  reaction2  is  inversely  proportional 

1  To  preveut  oxidation  of  the  arsenite  in  the  alkaline  solution  of  chro- 
niate  and  oxygen. 

3  See  equation  (4). 
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to  the  square  of  the  concentration  of  the  iodide,  the  difference 
in  the  thiosulphate  readings  becomes  less  when  the  concentra- 
tion of  the  iodide  is  increased  and  disappears  when  the  iodide 
concentration  is  equal  to  (or  greater  than)  ten  times  the  con- 
centration of  the  arsenious  acid  (Tables  II  and  III).  The 
fact  that  in  these  last  two  tables,  the  readings  made  when  the 
mixture  was  "yellow"  and  "green"  are  the  same  is  proof  that 
the  oxidation  of  thiosulphate  by*  chromic  acid1  is  negligible. 
In  those  of  my  measurements  where  the  concentration  of  the 
iodide  was  small,  I  was  careful  to  keep  the  reacting  mixture 
slightly  "yellow"  until  near  the  end  of  the  interval  desired; 
this  involved  an  approximate  knowledge  of  the  rate  at  which 
the  iodine  was  being  liberated  and  in  some  cases  necessitated 
the  duplication  of  the  experiments. 

A  number  of  blank  experiments  carried  out  for  the 
purpose,  showed  that  neither  the  oxygen  of  the  air,  nor  the 
arsenic  acid2  and  tetrathionate3  formed  in  the  reaction,  affected 
the  rates. 

Solutions  Employed 

In  addition  to  the  solutions,  K2Cr2Ov  o.i  F  or  0.6  N; 
H2SOv  approximately  0.1  N;  As203,  0.025  F  or  0.1  N]  ammo- 
nium bicarbonate  and  starch,  employed  in  the  measurements 
on  the  rate  of  oxidation  of  arsenious  acid  by  chromic  acid,  a 
solution  of  potassium  iodide  0.098  F  (standardized  by  silver) 
and  approximately  0.01  N  solutions  of  thiosulphate  and 
iodine  (standardized  by  comparison  with  the  arsenious  acid), 
were  used. 

Explanation  of  the  Tables 

After  KI,  Cr  and  Ac  at  the  head  of  the  tables  are  given  the 
amounts,  expressed  in  io~5  gram-formula-weights  (i.  e.t  in  cc 
of  0.01   F  solution)  of  KI,  K2Cr201  and  HJSOA  respectively 

1  See  Bell:  Jour.  Phys.  Chein.,  7,  61  (1903). 

1  See  equation  (3)  above,  et  seq. 

3  The  concentration  of  the  tetrathionate  is  not  large  enough  to  cause  any 
error  due  to  decomposition  in  the  alkaline  solution  during  the  short  interval 
between  adding  the  bicarbonate  and  the  completion  of  the  titration. 
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(the  same  unit  as  employed  in  the  measurements  of  the 
oxidation  of  iodide);  after  As,  the  amount  of  As2On,  the  unit 
being  0.25  Xio-5  gram-formula-weights  (i.  e.,  1  cc  0.01  N 
solution),  this  unit  is  selected  so  as  to  facilitate  comparison 
between  the  iodine  and  arsenious  acid  readings. 

Under  /  are  entered  the  durations  of  the  reaction  in 
minutes.  Under  h  are  given  the  amounts  of  thiosulphate 
("hypo"),  added  from  the  small  burette  during  the  reaction 
expressed  in  cc  of  0.0 1  N  solution.  Under  As-x'  are  entered 
the  amounts  of  arsenious  acid  remaining  unoxidized  after  / 
minutes,  expressed  in  cc  of  0.01  N  solution;  xf  thus  represents 
the  amount  of  arsenious  acid  oxidized:  this  symbol  is  used 
only  when  iodide  is  present  in  the  reacting  mixture.  The 
symbol  x  denotes  the  amount  of  arsenious  acid  oxidized  in 
the  absence  of  iodide. 

Under  ic  in  Table  XXI  are  given  the  amounts  of  iodine 
(in  cc  of  0.01  N  solution)  liberated  by  the  oxidation  of  iodide 
in  the  absence  of  arsenious  acid.  The  experiments  were 
carried  out  just  like  those  in  which  arsenite  was  present 
(page  58),  and  the  ic  readings  were  obtained  from  the  readings 
of  the  small  thiosulphate  burette.  The  numbers  under  ic  in 
Tables  IV-X  and  XII-XX  were  obtained  from  these  by 
interpolation.  In  Table  XI  where  the  reaction  was  allowed 
to  proceed  until  the  arsenious  acid  was  completely  oxidized,  the 
numbers  under  ic  (ca/c)  were  calculated  from   the  equation, 

ic{calc)-  0.60    •"         °^  —L—-    ,    thus   allowing  for   the 

decrease  in  the  concentration  of  the  bichromate. 

In  all  of  the  experiments  the  initial  volume  was  as  near  as 

possible  300 cc,  so  that  the  average  volume  during  the 

reaction  was  300  cc.  The  temperature  was  always  o°  C 
except  in  Table  XX  and  in  one  series  of  Table  XXI  where  the 
temperature  was  io°  C. 

The  difference  between  the  amounts  of  iodine  liberated 
in  the  presence  and  absence  of  arsenious  acid  is  entered  under 


y 

by  the  eqi 

present 

of  arsenic 
*'  become 
ilues  of  k' 


page  56)  1 
rates  of  oxidation  of  arsenious  acid,  and  of  i< 

presence  of  arsenious  acid  after  correcting  for  the 

'  of  chromic  acid.  Since  the  concentrations  of  the  bichromate 
and  sulphuric  acid  are  so  large  that  they  may  be  regarded  as 
constant,  the  rate,  Ra,   may  be  calculated  by  the  equation: 

Ro  =  2.30ft'. As 
Roc  is  the  limiting  value  of  Ra  when  KI  =  0.  , 

A  rough  approximation  to  the  rate,  Rip,  is  given  by  the 

quotient,  — - — ;  in  this  expression,  however,  the  decrease  in 

the  concentration  of  the  arsenious  acid  during  the  reaction  is 
neglected.  In  the  experiments  of  Tables  V-IX  this  decrease 
is  at  most  25  percent,  and  hence  the  average  amount  of  arsenite 
present  during  the  interval  is  closely  represented  by  As — 0.5a:'. 
On  page  74  I  show  that  the  rate  is  proportional  to  the  con- 
centration of  the  arsenious  acid,  and  have  therefore  employed 
the  following  expression  for  calculating  the  values  of  Rip: 
As 


Rip  = 


Table  IV 


As,  9.94  ;  AY,  M.9.8 

Cr,  20 

Ac,  12 

; '.  22.5 

h       \As—x>\      x'      i 

ic 

h  -ic 

~  k—i 

i       k' 

x' 

.60    1     9.25    '     0.69    . 

0.18 

1.42 

2.06 

;  0.0014 

■  75         9-30    '     064 

0.31 

1.44 

2.25 

1 0.0013 

.93    1     9.26    i     0.68 

0.52 

1.41 

2.07 

0.0013 

•03    i     9-33    i    °-6'    ; 

0.70 

i-33 

2.18 

1  0.0012 

.25    |     9.28    i     0.66    1 

0.90 

'■35 

2.04 

1  0.0013 

.40  !    9.27  1   0.67  1 

1. 10 

1.30 

1.94 

0.0013 
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o 

I    : 

2: 

4r 

6: 

8 

I0r 
10 

12 

*5 
20. 

30  i 
40 

5o 
6o, 
70 
80 


0-43 
a  70 

*-33 

i.53 
i.6o 

i-74 
1.98 

1.80 

1.83 
1.8.8 
2.00 
2.17 
2.24 

2.58 
2.70 
3-02 

3.30 


Tabi^e  V 
As,  9.94;  AY,  H.9.8;  Cr,  20;  /4f,  242;  /,  10 

h  —  ic 


As — x* 


tc 


r== 


k'       \    Rip    \    Ra     ,  Rip  +  Ra 


,7.97 
8.32 

.8-79 
8.8,1 

$.86 

9.00 

.  9.16 

907 

.0.12 
9.OO 
9.18 
9.12 

9.25 

9-29 
9.18 

9-25 
9.26 

0.3 


O.O  I 
O.02 

a°-°4 


Q.06 
0.08 

0,10 
0,10 

6.19 
O.26 

o<43 

0.43 

0.63 

0.95 

i-45 
i-75 


0.21 
0.42 

:    .  M2 
I,30 

1. 4 1 
■'.    1-75 

:    (2^40 

r        I.9I 

.     2.QO 
T   (I..7I) 

....      2.O.7 

2.12 

:        2.33 

(2.5I.) 

2.64 

2.27 

2.26 


.O.OO96 
0.0077 
Q.0O53 
O.OO52 

^0.0050 
O.OO43 
O.OO36 
O.OO4O 
0.0037 

jaoo43 

J  0.0035 

i  0.0037 

0.0031 

0.0029 

0.0035 
0.0031 
0.0031 


(  0.000 
1  0.046 
I  0.073 

o.?37 

I  a  1.56 

0.160 

1  0.172 

0.195 

,  0.173 
0.1.70 

0.169 

\  o.  1 63 

1  0.182 

j  0.167 

0.168 

1 0.160 

o.  162 
:  0.160 


0.263 
0.221 
0.178 

On  1 22 
O.I20 
O.Il6 
j  O.O99 
O.083 

i  0.092 

1 0.085 

0-099 

!  0.081 

0.085 

0.071 

1 0.067 

0.08 1 

i  O.071 

•  0.071 


02 


0.1 


l «  -  - ; .  - 
: •  - 

1 

• 

R'P  +  Ro 

• 
1 

• 
• 

1       • 

K                                * 

, 

Rip 

Hi* 

• 

1                    *           " 

ff                        1 

1 

L           Rn     1 

Kl 

20 


40 


60 


80 


O.263 
O.267 
O.251 
O.259 
0,276 
O.276 
O.271 
O.278 
O.265 

0.255 
O.268 

O.244 

O.267 

O.238 

O.235 

O.241 

O.233 

O.231 


Fig.  1  (Cf.  Tables  V  and  VI) 
Note. — In   Figs.   1-4,  the  unit  in  which  AY  is  represented  is  9.8  X  10- 
gram-formula- weights. 
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Table  VI 
As.  9.94;  KI,  ».9.8;  Cr,  20;  Ac,  242; 


>.  15 


o 
1 

2 

3 

5 
6 


0.63 

o.95 
1.87 

2.40 

2.27 

10 '  2.52 

15    2.72 

20    2.78 

30  3-^5 

30  3-n 

40  3-34 

60  4.00 

80    5.00 


//5  —  X> 


7.03 

7.48 
8.15 
8.46 

8.33 
8.56 
8.63 
8.63 
8.67 
8.74 
8.69 

8.73 
8.84 


I 


tc 


0.0 1 
0.02 

0.03 
0.05 

0.06 

0.15 
0.28 

0.39 

0.64 
0.64 

0.95 

1.66 
2.62 


h  —  ic 


0.21 
0.38 
1.03 

1-59 

(1.37) 
1.68 

1.86 

1.82 

1.98 

2.06 

1.91 

1.93 
2.14 

Table 


0.0100 
0.0082 
j  0.0057 
,  0.0047 
!  0.0051 
1  0.0043 

!  O.OO4I 
O.OO4I 
O.OO4O 

O.OO37 

O.OO39 

O.OO38 

,  O.OO33 

VII 


Rip    ;     Ra      Rip  +  Ra 


O.OOO 
O.047 
O.069 
O.134 
O.169 
O.160 
O.170 
O.179 
O.171 
0.178 

O.I75 
0.166 

0.166 

0.166 


As,  19.90;  Kf,  w.9.8;  Cr,  20;  Ac,  242; 

h  —  ic 


As  —  xf       ic       r  = 


Rip 


0.263 
O.230 
0.189 
0.131 
o.  108 
0.1 17 
0.099 
0.094 
0.094 
0.092 
0.085 
0.090 
0.088 
0.076 

/,  10 
Ra 


0.263 
0.277 
0.258 
0.265 
0.277 
0.277 
0.269 

0.273 
0.265 

0.270 

9.260 

0.256 

0.253 

O.242 


Rip  +  Ra 


o 

4 
6 

8 

10 

12 

15 
20 

30 

50 

7o 


2.85 

3-05 
3.10 

3.20 
3-30 
3-44 
3-57 
3.76 
4.40 
4.80 


>7.63 
17.79 

17.77 
17.83 
18.03 
18.07 
18.12 
18.26 

18.27 
18.3c 

0.6 


0.4 


0.2 


O.04 
O.06 
O.08 
O.IO 
O.14 
O.19 
O.26 

0.43 
0.95 
1.45 


I.24 
I.41 
1. 41 
I.50 

1-5* 
i.77 
1.86 

2.05 
2.12 
2. 11 


0.0053 
0.0049 
0.0049 
0.0048 
0.0043 
0.0042 
0.0041 
0.0037 
0.0037 
0.0036 


0.000 
0.296 
0.314 

0.317 
0.325 
0.330 
0.340 
0.346 

o.347 

o.359 
0.348 


0.536 
0.243 
0.224 
0.227 
0.220 
0.198 
0.194 
o.  1 88 
0.172 
0.172 
0.167 


Rip 

t  Ra 

X 

Nw 

Rip 

1    ^^^ 

■ «— 

, 

"Ro~ 

Kl 

1 2 

!0                   ' 

W>               * 

ft 

0.536 

0.539 
0.538 

0.544 

0.545 

0.534 

0.534 

0.534 
0.519 

0.531 
0.515 


/rif      **_t-t_    XTTT\ 
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Table  VIII 
As,  9.94:  KI%  n.9.8;  CV,  40;  Ac,  242;  /,  10 

h  —  ic 


n 

h 

As-x' 

ic 

/»       *i 

& 

Rip 

Ra 

Rip  +  Ra 

0 

— 

— 

— 

— 

O.OOO 

0.500 

0.500 

5 

2.87 

8.12 

0.09 

1-53 

0.0088 

0.303 

0.202 

O.505 

10 

3-io 

8.28 

O.18 

1.76 

0.0079 

0.3I.5 

0. 1 83 

O.498 

15 

3.26 

8.34 

0.33 

1.83 

I  0.0076 

O.316 

0.176 

O.492 

20 

3.55 

8.35 

O.48 

i-93 

O.0075 

0.331 

O.I75 

O.506 

30 ! 

3.85 

8.35 

0.80 

1-93 

0.0076 

O.329 

,0.175 

O.504 

50 

4.82 

8.40 

1.80 

2.00 

!  0.0073 

0.326 

0.168 

0.494 

0.4 


02 


a: 


Rip  +  Ro 


Rj£ 


-M> 


Ro 


Kl 


20  40 

Fig.  3  (Cf.  Table  VIII) 

Table  IX 

* 

^J.  9-941  ^»  n.9.8;  CV,  20;  Ac,  484;  t%  10 


n  1 

h 

As  -  x' 

ic       r 

h  — 
~      x' 

Rip 

Ra 

Rip  +  Re 

O 

0.000 

0.765 

0.765 

5 

4-59 

7.12 

0.28 

1.54 

0.0183 

0.487 

0.306 

o.793 

10 

5-o6 

7.32 

0.56 

1.72 

0.0133 

0.509 

0.306 

0.815 

10 

5-2  3 

7.53 

0.56 

1.94 

0.012 1 

0.525 

0.279 

0.804 

'5 

5-54 

7.58 

0.84 

2.00 

0.01 18 

0525 

0.272 

o.797 

20 

6.00 

7.81 

1.20 

2.25 

0.0105 

o.53i 

0.242 

0.773 

20 

5.67 

7v57 

1.20 

1.89 

0.0 1 18 

0.500 

0.272 

0.772 

40 

7-50 

7.85 

2-74 

2.23 

0.0103 

0.526 

0.237 

0.763 

40 

7.44 

7.50 

2.74 

1.93 

0.0122 

0.527 

0.28T 

0.808 

60 

9.68 

8.18 

4.80 

(2.83) 

0.0085 

0.531 

0.196 

0.727 

60 

9.13 

7.77 

4.80 

1.83 

0.0107 

0.484 

0.247 

o.73i 

Note. 

— Thiosulphate  solution 

0.04  N  wa. 

s  used 

in  the 

measure 

ments  of  this  table 

\  to  avoid 

a  too 

great  chan 

ge  in  volume. 
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As 

KI 

Cr 

Ac 

h 

As  —  x' 

x' 

ic 

h  —  ic 

h  —  ic 
r  — - 


..t 


k' 
k 


k  —  k' 


20  40 

Fig.  4(Cf.  Table  IX) 

Table  X 
/  =  9.5 


60 


10.00 

245 
20 

242 

2.00 

9-15 
0.85 

o.35 
1.65 

1.94 

0.0040 
0.0114 

1.9 


20.00 

245 
20 

242 

3- 60 

18.30 

1.70 

o.35 
3-25 

1. 91 

0.0040 
0.0116 

1.9 


10.00 
490 
20 
242 
2.60 
9.18 
0.82 
0.88 
1.72 

2.10 

0.0037 
0.0114 

2.1 


10.00 

245 
40 

242 

360 

8.50 
1.50 
0.68 
2.92 

1-95 

0.0074 
0.0217  1 

2.0 


Table  XI 
As,  5.00;  KIy  196;  O;  20;  Ac,  484 


10.00 

245 
20 

484 
6.00 

7.70 
2.30 
1.40 
4.60 

2.00 

0.0119 
0.0318 

i-7 


ic  (calc. )    h  —  ic  ( calc. ) 


ic ( ca Ic.)   h  —  ic  ( calc. ) 


3 

1.20 

o.35 

0.85 

55 

13-02 

5.85 

8.07 

5 

1.92 

0.58 

1-34 

60 

14.64 

6.38 

8.26 

9 

3.36 

1.04 

2.32 

65 

15.28 

6.90 

8.38 

10 

3.80 

1. 15 

2.65 

70 

15.96 

7.40 

8.56 

15 

5-40 

1.72 

3.68 

mm    ^ 

/  3 

16.56 

7.90 

8.66 

20 

6.72 

2.28 

4.44 

SO 

17.24 

8.40 

8.84 

25 

8.00 

2.82 

5.18 

85 

17.92 

8.90 

9.02 

30 

9.20 

3.32 

5.98 

95 

19.16 

9.90 

9.26 

35 

10.32 

3.81 

6.51 

100 

19.76 

10.40 

9.36 

40 

11.28 

4- 30 

6.98 

105 

21.16 

10.88 

9.28 

45 

12.32 

4.82 

7.50 

140 

2U>8 

14.20 

9.48 

50 

13.16    1 

5-34  ' 

7.82 

160  , 

25.28 

1 5.  So 

9.48 

Note.  —In  making  the  iodine  titrations  o.o\  thiosulphate  was 
used  to  avoid  a  too  great  change  in  vo\\\iv\e. 
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Fig.  5  is  plotted  from  the  results  of  Table  XI  together 
with  the  values  of  x  from  Table  XII  of  my  paper  on  the  oxida- 
tion of  arsenious  acid,  and  the  values  of  x'  from  Table  XVIII 
of  the  present  paper. 


40  80  120 

Fig.,  5  (Cf.  Table  XI) 

Table  XII 
As,  9.94 ;  KIt  98 ;  CV,  20 ;  Ac,  242 


160 


/ 

h 

As-x' 
9.00 

x' 
0.94 

ic 

h  —  ic 
1.64 

10 

1.74 

O.IO 

10 

i-93 

9.16 

0.78 

0.10 

1.88  ! 

15 

2.52 

8.56 

1.38 

0.15 

2.37 

20 

3.40 

8.23 

1.71 

0.20 

3.20 

30 

4-75 

7.52 

2.42 

0.30 

4-45 

r  = 


A  —  ic 


k' 


1.75  O.0043 

(2.41)  (0.0036) 

1.72  0.0043 

1.87  0.0041 

1.84  0.0040 

Avg.   1.80  Avg, 0.0041 


Table  XIII 
As,  9.94;  KI,  196;  CV,  20;  Ac,  242 


/ 

h 

i  As  —  x'  \ 

x' 

t 

ic 

h  —  ic 

h —  ic 

k' 

1 

5! 

0.98 

9.48 

O.46 

0.14 

0.84 

1.83 

0.0041 

10 

1.88 

9.00 

O.94 

0.27 

1. 61 

1. 71 

0.0043 

15 

2.78 

8.63  ! 

1-31 

0.40 

2.38 

I.83 

0.0041 

15 

2.74 

.   8.55 

i-39  I 

0.40 

2.34 

1.69 

0.0044 

20 1 

3.66 

8.23 

1. 71 

o.54 

3-12 

1.82 

0.0041 

25' 

4.40 

7.84 

2.10 

1 

0.67 

3.73 

1.78 

0.0041 

30 

5.H 

'   7-58  ; 

2-36 

0.81 

4-33 

1.84 

0.0039 

Avg.  1.80  Avg.  0.0041 
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Table  XIV 
As,  9.94;  KI,  294;  Cr,  20;  Ac,  242 


/ 

* 

As  —  x' 

i    .      ' 
1    ic 

1   , 

k—ic  1 
'  =  _*' 

k' 

1       X 

x(calc.)]h 

1 

-icA 

10  2.00 

9.18 

0.43  1 

2.07 

0.0035 

1     

1 

""       1 

— 

10 1  2.17 

9.12 

1  0.43  ' 

2.12         ' 

0.0037 

1 2.34 

2.56 

2.56 

15.3-15 

8.67 

1  0.64  1 

•      I.98         ' 

0.0040 

3.28 

3.75   ; 

3.78 

153-u 

8.74 

1 0.64 ! 

2.08      ; 

0.0037 

3.28  J 

3.75 

3.67 

20  4.00 

8.42 

°-85 

2.07 

0.0036 

3.99 

4.76  ' 

4.67 

30  5.67 

7.74 

1.28 

2.00 

0.0036 

5.35 

6.68    1 

6.59 

40 

7.26 

7.12 

,  1.70 ! 

i.97 

0.0038 

6.50 

8.86    , 

8.38 

Note. — The  values  of  x  of  this  table  are  taken  from  Table 
VIII  of  the  paper  on  the  oxidation  of  arsenious  acid;  x(calc)  is 
calculated  as  described  in  the  foot-note  on  page  73. 

Table  XV 
As,  5.00;  KI,  196;  Cr,  20;  Ac,  242, 


/ 1 

h 

\as  —  x' 

x'            ic 

,        .     '            h  —  ic 
h  —  ic\    r  =  — — 
1                x' 

k' 

"1" 

IO| 

I.I5 

!   4.57 

1 
O.43       O.27 

1  ~      ~ 

0.88    !        2.05 

O.OO39 

151 

1.62 

1    4-40 

1     O.60    '  0.40 

1.22    1        2.03 

O.OO37 

20 1 

2.10 

4.19 

0.81     |  O.54 

,     x-56    1         1.93 

O.O038 

25! 

2.58 

!     4.04 

1     O.96    |  O.67 

1     1-91    1         i.99 

O.O037 

30 ' 

3.04 

'     3.85 

1. 15     1  0.81 

Table 

2.23             1.94 
Avg.  1.99  Avt 

XVI 

O.OO38 
^.  O.O038 

As, 

5.00:  KI,  196; 

Cr,  40;  Ac,  242 

'! 

h 

j  As  —  x' 

1        X'        '       ic 

\     -     _      1 

•             .                 h  —ic 

h  —  ;r       r  =      - 
1                                  x/ 

k' 

r 
5i 

1. 10 

i 

|     4-69 

|      O.3I      1   O.24 

1 

O.86    1       (2.77) 

(0.OO56) 

10 

2.02 

4.24 

O.76     1   O.48 

1.54              2.03 

O.0072 

15 

2.83 

!  3.85 

1. 15     1   O.72 

2. II                  I.94 

O.OO76 

20 : 

3.63 

,  3.58 

1       I.42        O.96 

2.67            1.88 

O.OO73 

30 

5.09 

3.05 

1       1.95     '    1.44 

'     3.65            1.87 

Avg.  1.93  Av± 

O.O072 

r-  0.0073 

Table  XVII 

As, 

9.94;  KI,  196; 

Cr%  40;  Ac,  242 

/   1 

h 

As  —  xf 

xi        ;      ic 

1              ' 

.                          //  —  ic 

h  —  ic       r  -  -  — — #--- 

x' 

k' 

5 

Y84 

\     9.14 

1  ~~    ~~     1" 
1    0.80    |  0.25 

1.59                1.99 

0.0073 

10 

3.46 

8.44 

1     1.50      0.50 

2.96                I.97 

0.0071 

15 

4.87 

!     7-79 

.    2.15    1  0.75 

4.12                I.92 

0.0071 

Avg.  1.95  Avg,  0.0072 


The  Induction  by  Arsenious  Acid,  Etc. 


69 


Table  XVIII 
As,  5.00;  KI,  196;  Cr,  20;  Ac,  484 


/ 

h 
1.90 

1  ^5  —  xf 

4-30 

x' 

ic 

I 

h  —  ic 
1.30 

A  —  ic 
1.86 

k' 

5 

O.70 

O.60 

(0.0131) 

10 

3.59 

1     3.8o 

I.20 

I.20 

2.39 

1.99 

0.0119 

15 

5-i6 

3.37 

I.63 

|   I.80 

3-36 

2.06 

0.0114 

20 

6.48 

2.95 

2.05 

i   2.40 

4.08 

1.99 

0.01 15 

Avg.  1.98  Avg.  0.0116 


5 
10 

15 


3-05 

5-67 
8.03 


As  —  x 


Table  XIX 
As,  9.94;  KI,  196;  Cr,  20;  4f,  484 

A  —  ic 
x'~ 


8.61 

7.57 
6.64 


tc 


h  —  ic 


r  = 


i-33 
2.37 
3.3o 


0.60 
1.20 
1.80 


2.45 

4-47 
6.25 


1.84 
1.89 
1.89 


(0.0125) 
0.01 18 
0.0117 


Avg.  1.87  Avg.  0.0118 


Table  XX 

As,  9.94;  KI,  196;  Cr%  20;  Ac,  242  (Temperature  io°  C) 

h  —  ic 


As  —  x> 


tc 


h  —  ic 


r  = 


10 

1 

! 
2.55 

8.90 

1.04 

o.35 

2.20 

2.1 

0.0048 

15 

3-53 

8.26 

1.68 

1  0.52 

301 

1.8 

0.0054 

20 

4-56 

7.84 

2.10 

0.70 

3.86 

1.8 

0.0052 

25 

5.55    I 

7.33 

2.61 

;  0.87 

4.68 

1.8 

0.0055 

Avg.  1.9   Avg.  0.0054 


Table  XXI 
KI,  98;  Cr,  20; 

Ac,  242       KI,  196;  Cr,  20;  Ac,   242     KI,  294;  Cr,  20;  Ac,  242. 


ic 

t 

ic 
o°  C 

:    / 

o°  C 

ic 
io°C 

t 
io°C 

ic 

/ 

ic 

0.20 

II 

O.25 

9.2 

1 
0.30 

10 

O.48 

11 

2.00 

O.28 

30 

O.50 

18.7 

0.50 

15 

0.81 

19 

2.40 

O.83 

86 

1. 10 

42 

O.85 

25 

1.40 

31 

3- 20 

1.23 

120 

1.20 

45-5 

1. 10 

30 

1.48 

35 

3.84 

46 

90 


0.27 
0-44 
0.57 
0.7S 
1.03 

i.oi 

2.40 


2-43 
3.00 
360 

4.20 


25 
31 
35 


0.29 
O.52 
0.66 


Table 

XXII 

Table 

XII 
r' 

Table 
XIII 
r1 

Table 
XIV 

Table 
XV 

Table 
XVI 
r1 

Table 

XVII 

r1 

Table 

XVIII 

Table 
XIX 
r' 

|l.7 
(2.5) 

i-5 
1.6 

1-7 
1.6 
1-5 

1-5 

5 

1-7 
1-5 

(2.6) 

i-7 

(2-8) 
2.0 

i-5 

'•7 
1.4 

z 

1.4 

2-3 

>-5 

2.4 
1.4 

r" 

r" 

r" 

K' 

r" 

*" 

r" 

r" 

r" 

f 

r"              ^ 

-9 

1.9 

(2-5)     .     (2. 

2 

1 

1.9              2- 

.8 

2 

1 

2.0    '           2. 

.8 

2 

0 

1.8               1. 

.8 

1 

9 

1-7       ,        I- 

K 

6 

1 

6 

—    :    — 

(3.5) 

(3-o) 
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Table  XXIII 


Table 


As 

KI 

Cr 

Ac 

k 

k' 

k 
'+*  =  „ 

k—k 


Table 


IV 

•10 

V 

VI 

10 

10 

300+ 

150+ 

150+ 

20 

20 

20 

121 

242 

242 

O.OO44 

0.0114 

0.0114 

O.OOI3 

0.0037 

0.0038 

3-4 

3.1 

3.0 

2.4 

2.1 

2.0 

1 

XII        XIII        XIV 


As 

KI 

Cr 

Ac 

k 

k' 


10 
98 
20 
242 


10 

196 

20 

242 


0.0114  0.0114 
0.0041  '0.0041 


r+1  =  k' 
k  —  k' 

r=~k> 


2.8 


1.8 


2.8 


1.8 


10 

294 

20 

242 

0.0114 

0.0037 

3.i 
2.1 


XV 

5 
196 

20 

242 


XVI 


5 
196 

40 

242 


XVII     XVIII 


10 
196 

40 

242 


0.0 1 14  0.0200  JO.0217 
0.0038  0.0073  0.0072 


5 
196 

20 

484 


XIX 


10 
196 
20 

"484 


3.0 


2.0 


I 


3-0         3«o 


2.0 


2.0 


0.0300  0.0318 
o.oii6'o.oii8 


2.6 
1.6 


2.7 
i.7 


Note.—  See  also  Table  X. 


Discussion  of  the  Experimental  Data 

The  measurements  recorded  above  together  with  those 
of  my  previous  papers  on  the  action  of  chromic  acid  on  iodide1 
and  arsenious  acid2  constitute  all  the  experimental  data  on 
which  the  theory  developed  in  the  following  pages  is  based. 
In  order  to  collect  all  the  facts  together  the  generalizations 
deduced  in  the  last-mentioned  papers  are  quoted  in  the  follow- 
ing paragraphs  along  with  the  general  conclusions  drawn 
from  the  tables  of  the  present  paper. 

Effect  of  the  Concentration  of  the  Iodide 

Tables  IV-IX  (in  each  of  which  t  is  constant)  show  that 
increasing  the  concentration  of  the  iodide  causes  a  gradual 

1  See  equation  ( 1 ). 

2  See  equation  (2). 
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increase  in  the  value  of  A  —  ic  (the  iodine  liberated  due  to  the 

presence  of  the  arsenious  acid),  and  a  gradual  decrease  in  the 

value  of  x'  (the  arsenious  acid  oxidized  in  the  presence  of 

iodide) ,  a  maximum  value  of  A  —  ic  and  a  minimum  value  of 

x'  being  reached  when  the  concentration  of  the  iodide  is  about 

fifteen    times    that    of   the    arsenious    acid,    that    is,    when 

Kf=i5As.     Further   increase   in   the   concentration   of   the 

iodide  does  not  appreciably  affect  these  limiting  values  of 

h  —  ic  and  x\ 

h  —  ic 
When  the  iodide  is  in  excess  the  value  of  the  ratio, — , 

is  2.00  within  the  limit  of  the  experimental  error,  no  matter 
what  the  concentrations  of  the  other  reagents  are.  Thus  in 
Tables  XII-XX  the  average  values  of  this  ratio  are,  1.80, 
1.80,  2.04, 1.99,  1.93, 1. 05,  1.98, 1.87  and  1.9  (at  io°  C);  in  Table 
IV  the  values  are,  2.06,  2.25,  2.07,  2.18,  2.04  and  1.94;  and  in 
Table  X,  1.94,  1.91,  2.10,  1.95  and  2.00.  Additional  evi- 
dence is  afforded  by  the  measurements  of  Tables  V-IX  (Figs. 
1-4)  and  the  curves  of  Fig.  5.1  The  slight  deviations  in  both 
directions,  from  the  number  2.00  must  be  ascribed  to  ex- 
perimental error,  for  the  ratio  in  question  is  the  quotient  of 
two  small  numbers,  each  of  which  is  the  difference  between 
two  small  readings  of  the  burette,  and  owing  to  the  nature 
of  the  method  of  analysis  it  usually  happens  that  when  one 
of  these  numbers  (say  h — ic)  is  too  small  the  other  (*')  is  too 

» 

large. 

Tables  V-IX  and  the  curves  of  Figs.  1-4,  show  that 
addition  of  potassium  iodide  lessens  the  rate  of  oxidation  of 
arsenious  acid  by  chromic  acid,  the  retardation  increasing 
with  the  concentration  of  the  iodide  up  to  a  certain  point  from 
which  on  {Ra,  when  AY  -    o,  being  equal  to  Rac), 

Ra ,  (Kf  excess)  - :-      •  Rac.  ( 7 ) 


3 


Additional  evidence  of  relation  (7)  is  afforded  by  Table  XXIII 
in  which  k  is  seen  to  closely  equal  3  k' . 

1  The  curve,  //  —  /7\  approaches  the  line,  A"—- 10  -~  2Asy  asymptotically, 
and  simultaneously  the  curve,  x' %  approaches  the  line,  A*  —  5  —  As. 
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Tables  V-IX  and  Figs.  1-4  further  show  that  the  rate 
at  which  iodine  is  liberated  in  solutions  containing  arsenious 
and  chromic  acids,  after  correcting  for  the  direct  oxidation 
of  iodide  by  chromic  acid,  increases  with  the  concentration 
of  the  iodide  up  to  a  certain  point  from  which  on, 

Rip,  (KI  excess)  =  2Ra,  {K I excess)  (8) 

=  -•  Rac. 
3 

The  last  columns  of  Tables  V-IX  and  the  upper  curves  of 
Figs.  1-4,  show  that  the  sum,  Ra  +  Rip,  that  is,  the  rate  of 
reduction  of  chromic  acid1  after  correcting  for  the  direct 
action  of  the  chromic  acid  on  the  iodide,  is  the  same  for  all 
concentrations  of  iodide  from  zero  up,  or, 

Ra  -\Ri  —  Ric  =.--  Rac  (9) 

that  is, 

Ra  +  Rip  =  Rac.  ( 10) 

Thus  M  of  equation  (5)  is  —  Rip. 

In  the  absence  of  arsenious  acid  the  rate  of  oxidation  of 
iodide  by  chromic  acid  is  connected  with  the  concentration 
of  the  iodide  by  a  quadratic  relation  (see  equation  1). 


1  On  comparing  the  above  Tables  of  results  with  those  on  the  oxidation 
of  arsenious  acid  in  the  absence  of  iodide,  it  will  be  noticed,  however,  that  for 
any  fixed  interval  of  time  the  total  oxidation  is  greater  in  the  presence  than  in 
the  absence  of  the  iodide,  that  is,  h  —  ic -\-  x'  is  greater  than  x  for  a  fixed  time. 
This  is  due  to  the  fact  that  in  the  former  case  the  concentration  of  the  arseni- 
ous acid  (on  which  the  h  —  ic  reading  depends)  does  not  fall  off  so  rapidly  as 
in  the  latter  case.  If  the  average  concentration  of  the  arsenious  acid  had  re- 
mained the  same  as  it  did  in  the  experiments  in  which  iodide  was  present,  we 
would  have  for  the  value  of  x  : 

As.t—\x'dt 

x(ca  'c)—x.  -- 


and  as  shown  by  Table  XIV,  x(calc)  is  equal  to  the  experimentally  determined 
value,  h  — ic  -f  x'.  For  the  method  of  computation,  see  Jour.  Phys.  Chem., 
10,423  (1906). 
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Effect  of  the  Concentration  of  the  Arsenious  Acid 

In  the  absence  of  iodide  the  rate  of  oxidation  of  arsenious 
acid  by  chromic  &cid  is  proportional  to  the  first  power  of  the 
concentration  of  the  arsenious  acid.  This  suggested  com- 
puting the  constant  of  the  "first  order"  in  the  tables  of  the 
present  paper.  The  constancy  of  k'  in  each  of  the  Tables 
XII-XX,  and  more  particularly  the  fact  that  changing  the 
concentration  of  the  arsenious  acid  in  these  tables  as  well  as 
in  Tables  V,  VI  and  VII,  does  not  effect  the  value  of  k* ',  shows 
that  in  the  presence  as  well  as  in  the  absence  of  iodide  the  rate 
of  oxidation  of  arsenious  acid  by  chromic  acid  is  proportional 
to  the  first  power  of  the  concentration  of  the  arsenious  acid. 

Since  in  the  presence  of  excess  of  iodide,  h  —  ic=2x' 
(see  page  72),  the  rate  Rip  is  twice  the  rate  Ra,  (Klexcess), 
and  is  therefore,  like  the  latter,  proportional  to  the  concen- 
tration of  the  arsenious  acid.  The  fact  that  Rip+Ra=Rac 
for  all  concentrations  of  iodide  from  zero  up,  is  also  proof  that 
Rip  is  proportional  to  the  first  power  of  the  concentration  of 
the  arsenious  acid. 

Effect  of  the  Concentration  of  the  Bichromate 

Comparison  of  Tables  V  and  VIII,  XV  and  XVI,  XIII 
and  XVII,  shows  that  doubling  the  concentration  of  the 
bichromate  almost  doubles  the  value  of  k\  that  is,  almost 
doybles  the  rate  of  oxidation  of  arsenious  acid,  Ra,  when 
iodide  is  present;  or  the  rate  Ra  is  proportional  to  about  the 
0.9th  power  of  the  concentration  of  the  bichromate. 

In  the  absence  of  iodide  the  same  relation  was  found  to 
hold;  that  is,  Rac  is  proportional  to  the  0.9th  power  of  the 
concentration  of  the  bichromate. 

Since  in  the  presence  of  excess  of  iodide  h  —  tc  =  2x',  the 
rate  Rip  is  twice  the  rate  Ra,  (KI  excess),  and  is  therefore 
like  the  latter  proportional  to  the  same  (0.9th)  power  of  the 
concentration  of  the  bichromate;  and  the  fact  that  Rip-\- 
Ra  ^Rac  is  also  proof  that  the  rate  Rip  is  proportional  to  the 
0.9th  power  of  the  concentration  of  the  bichromate. 

In  the  absence  of  arsenious  acid  the  rate  of  oxidation  of 
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iodide  (Ric)  was  found  to  be  proportional  to  a  power  of  the 
bichromate  slightly  less  than  the  first  (except  when  very 
dilute  solutions  of  bichromate  were  employed,  when  the 
power  was  the  first  exactly).  In  the  above  tables  ic  is  scarcely 
doubled  for  a  fixed  interval  by  doubling  the  concentration 
of  the  bichromate. 

Thus  the  rates  Rac  Ra,  Rip  and  Ric  are  each  propor- 
tional to  a  power  of  the  concentration  of  the  bichromate 
slightly  less  than  the  first. 

Effect  of  the  Concentration  of  the  Sulphuric  Acid 

Doubling  the  concentration  of  the  sulphuric  acid  nearly 
trebles  the  rates  Ra  and  Rip  in  Tables  V  and  IX,  and  the 
constants  V  in  Tables  XV  and  XVIII,  XIII  and  XIX.  Thus 
the  rates  Ra  and  Rip  are  proportional  to  the  1.4th  power  of 
the  concentration  of  the  sulphuric  acid. 

The  rate  of  oxidation  of  arsenious  acid  in  the  absence  of 
iodide  is  also  proportional  to  the  1 .4th  power  of  the  concentration 
of  the  sulphuric  acid.  This  unusual  fractional  power  is  thus 
common  to  the  kinetic  formulae  for  the  rates  Rac,  Ra  and 
Rip,  while  the  rate  of  oxidation  of  iodide  in  the  absence  of 
arsenious  acid  (Ric)  is  proportional  to  the  square  of  the  con- 
centration of  the  sulphuric  acid. 

Effect  of  the  Temperature 

Changing  the  temperature  from  o°  C  to  io°  C  causes  a 
change  in  the  constant  kf  of  29  percent  (0.0041  to  0.0053, 
Tables  XIII  and  XX).  Since  in  these  tables  h  —  ic  =  2x',  the 
rate  Rip  is  also  increased  by  the  same  amount. 

Changing  the  temperature  has  practically  the  same  effect 
on  the  rate  of  oxidation  of  arsenious  acid  in  the  absence  of 
iodide  (Rac);  the  experiments  showed  that  changing  the 
temperature  from  o°f  to  io°  C  causes  a  change  of  26  per- 
cent in  the  constant  k  (0.0114  to  0.0144). 

Thus  the  rates  Rac,  Ra  and  Rip  have  the  same  unusually 
low  temperature  coefficient,  viz.,  less  than  1.3. 

The  temperature  coefficient  of  the  rate  of  oxidation  of 
iodide  by  chromic  acid  is  also  very  low,  viz.,  1.4. 


t 
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Short  Statement  of  the  Results 

The  following  are  the  general  results  of  the  experiments : 

Rac^k.As  (Cr)° 9. (^r)i4  (n) 

Ra  =-;k'.As  (Cr)°9.(Acy*  (12) 

Ric  =-  K.(m.KI ' -\-  n.{KIY).Cr.(Ac)\ 

Compare  equation  (1) 
Ri—Ric  =  Rifi  =  k".As.(Cr)o*.(Acy+  (13) 

and  Rac  =  Ra  +  Rip, 

The  constants  k'  and  fe"  depend  on  the  amount  of  iodide 
present:  as  the  concentration  of  the  iodide  increases,  k'  de- 

k 
creases  from  k,  iorKI  =  o,  to  -,  for  KI,  excess:  and  simulta- 

3 

k 
neously  k"  increases  from  o  to  2k'  or  2  -. 

3 

h  —  ic 
When  the  iodide  is  in  excess  the  ratio     -,-    is  equal   to  2. 

The  rates  Rac,  Ra,  (A7  excess)  and  Rip,  (KI  excess)  have 
the  same  unusually  low  temperature  coefficient,  viz.,  less  than 
1.3  (from  o°  C  to  io°  C);  the  temperature  coefficient  for  the 
rate  Ric  is  about  1.4. 

THEORETICAL  PART 

The  above  results  show  that : 

(a)  The  rate  of  reduction  of  chromic  acid  in  solutions 
containing  arsenious  acid  and  iodide  is  equal  to  the  sum  of 
the  rates  of  reduction  of  chromic  acid  by  arsenious  acid  and 
by  iodide  taken  separately,  or,  in  other  words,  the  accelera- 
tion of  the  rate  of  oxidation  of  iodide  is  just  equal  to  the 
retardation  in  the  rate  of  oxidation  of  arsenious  acid. 

(b)  The  effects  of  temperature  and  the  concentrations 
of  the  various  reagents    are   the    same    for   the   three   rates: 

(i)  Oxidation  of  arsenious  acid  by  chromic  acid  in 
the  absence  of  iodide  (Rac). 

(ii)  Oxidation  of  arsenious  acid  by  chromic  acid  in 
the  presence  of  excess  of  iodide  (Ra,  KI  excess). 

{Hi)  Oxidation  of  iodide  in  the  presence  of  arsenious 
acid,  when  the  iodide  is  in  excess  (Rip,  KI  excess). 
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(c)  The  ratio  Ra :  Rip  is  independent  of  the  concentrations 
of  the  bichromate  and  sulphuric  acid  for  all  concentrations 
of  iodide. 

(d)  In  the  absence  of  arsenious  acid  the  rate  of  oxidation 
of  iodide  is  proportional  to  powers  of  the  concentrations  of 
the  reagents  somewhat  different  from  those  of  rates  (t),  (it) 
and  (Hi)  of  (6). 

These  facts  suggest  the  theory  of  the  formation  of  a 
primary  oxide  when  chromic  acid  acts  on  arsenious  acid,  and 
the  succeeding  paragraphs  will  show  that  the  above  experi- 
mental results  may  be  satisfactorily  accounted  for  by  the 
following  assumptions. 

Assumptions 

(a)  That  arsenious  acid  acting  on  chromic  acid  forms 
slowly  a  primary  oxide. 

(b)  That  this  oxide  is  completely  and  instantaneously 
reduced  by  either  arsenious  acid  or  iodide. 

(c)  That  the  fractions  of  the  primary  oxide  reduced  by 
arsenious  acid  and  iodide  respectively,  in  solutions  con- 
taining both,  depend  on  their  relative  concentrations;  when 
the  iodide  is  in  large  excess  the  amount  of  the  primary  oxide 
reduced  by  the  arsenious  acid  is  negligible. 

The  primary  oxide  may  be  one  of  the  following:1 

(1)  A    peroxide    of   arsenic   represented    by    the   formula, 

As209,  or  one  of  its  hydrates,  e.  g.,  H^AsO^  the  reactions  being 

as  follows: 

(i)  Slow  formation  of  the  peroxide, 

As20,+  2K2Cr201\  3H2SO<--  As20»  +  2Cr2(SO<\^  2K2SOA  +  3H20\ 
or, 

~AsOz  +  Cr~0:  +  2/f=~As06  +  Cr20,  +  H20.  (14) 

(it)  Rapid  reduction  by  arsenious  acid  or  iodide, 

A s203  +  2As20s  =  jAs2Ob;  or,  As06  +  2AsOi  =  jAs04  (15) 

and 


1  For  methods  of  determining  the  degree  of  oxidation  of  the  primary 
oxide,  see  p.  83. 
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As209  +  8HI  =  As2Ob  +  4I2  +  4H20;  or, 

As06  +  4I+4H  =  AsOA  +  2l2  +  2H20.        (16) 

(2)  An  intermediate  oxide1  of  chromium  0}  the  formula 
Cr2Ob,  or  one  of  its  hydrates,  e.  g.,  H2Cr2Ov  the  reactions  being 
as  follows: 

(i)  Slow  formation  of  the  intermediate  oxide  (peroxide), 

As20B  +  2K2Crfi^  =  As205  +  2K2Cr20^  i.  e. , 

As209  +  4Cr09  =  As206  +  2Crfig; 

or, 


A  sOs  +  Cr207  =  A  sOt  +  Cr206.  (14a) 

(t't)  Rapid  reduction  by  arsenious  acid  or  iodide, 
Cr2Ob  +  As203  =  Cr203  +  As2Ob\  or, 

Cr206  +  2As0s  =  Cr20A  +  2As04     ( 1 5a) 

and 

Cr2Os  +  4HI  =  Crfi%  +  2l2  +  2H&;  or, 

Crfis  +  4I  +  4H  =  Cr~0A  +  2l2  +  2H20     (1 6a) 

(3)  A  mixed  peroxide  of  arsenic  and  chromium  of  the  same 
degree  of  oxidation  as  (1)  and  (2). 

Development  of  the  Theory 

It  has  been  found  convenient  to  introduce  the  symbol 
Rp,  for  the  rate  of  formation  of  the  hypothetical  oxide,  ac- 
cording to  equations  (14)  or  (14a),  the  unit  being  0.25  Xio~"5 
formula-weights  if  the  oxide  As209  be  assumed,  or  0.5  Xio~~5 
formula-weights  if  the  oxide  Cr205  be  assumed,  and  the  symbol 
Rap  for  the  rate  of  oxidation  of  arsenious  acid  by  peroxide, 
according  to  equations  (15)  and  (15a).  Rip  has  already  been 
introduced  (page  57) :  it  may  now  be  defined  as  the  rate  of 
oxidation  of  iodide  by  peroxide  as  in  equations  (16)  and 
(16a). 

If  the  solution  contains  chromic  and  arsenious  acids  only, 
then  for  every  unit  of  arsenious  acid  oxidized  in  the  first  stage 

1  Although  the  formula  Cr.,0^  contains  less  oxygen  than  the  formula 
CrO^  I  shall  speak  of  it  as  a  peroxide  of  chromium. 
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(formation  of  peroxide,  equations  (14)  and  (14a))  two  more 
are  oxidized  in  the  secojid  stage  (reduction  of  peroxide, 
equations  (15)  and  (15a)),  the  final  result  being  the  formation 
of  three  units  of  arsenic  acid.  As,  by  hypothesis,  the  second 
stage  takes  place  instantaneously,  the  time  required  for  the 
formation  of  this  amount  of  arsenic  acid  is  practically  that 
involved  in  the  formation  of  a  unit  of  peroxide,  or, 

Rpz=l.Rac.  (17) 

If.  however,  the  solution  contains  iodide  as  well  as  ar- 
senious acid,  both  will  be  oxidized  on  the-  reduction  of  the 
peroxide,  the  total  quantity  of  iodine  and  arsenic  acid  formed 
in  the  second  stage  amounting  to  two  units  in  all.  As  before, 
for  one  unit  of  peroxide  formed  and  reduced  three  units  of 
arsenic  acid  and  iodine  taken  together  are  generated,  and 

Rp  =  ~(Ra  +  Rip).  (18) 

Whether  iodide  be  present  or  not,  however,  for  every 
unit  of  peroxide  formed  one  unit  of  arsenious  acid  must  be 
oxidized  to  arsenic  acid;1  any  additional  arsenic  acid  formed 
is  due  to  the  oxidation  of  arsenious  acid  by  the  peroxide. 
Thus, 

Ra  =  Rp+Rap  (19) 

It  has  been  pointed  out  in  the  paragraph  preceding 
equation  (18),  that  two  units  of  iodine  and  arsenic  acid  counted 
together  are  formed  by  the  reduction  of  one  unit  of  peroxide; 
the  share  of  these  two  units,  however,  that  falls  to  each, 
depends  upon  the  relative  concentrations  of  the  iodide  and 
arsenious  acid.  As  the  concentration  of  the  iodide  is  in- 
creased, the  reaction  represented  by  equation  (15)  or  (15a), 
falls  more  and  more  into  the  background  until  in  the  presence 
of  large  excess  of  iodide, 

Rap,  (KI  excess)  =  o  (20) 

1  If  the  peroxide  be  Cr.xO^  this  unit  of  arsenic  acid  is  formed  in  the  first 
stage,  equation  (14a);  if  As20,j,  from  the  peroxide  on  reduction,  equations  (15) 
and  (16). 
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whence  by  equation  (19), 

Ra,  (KI  excess)  =  Rp  (21) 

and  by  equation  (18), 

Rip,  ( KI  excess)  =  2Rp.  (  22) 

Comparison  of  the  Theory  with  Results  of  the  Experiments 

By  eliminating  the  hypothetical  Rp  from  equations 
(17)  to  (22)  the  relations  deduced  from  the  assumptions  of 
page  77,  may  be  compared  with  the  experimental  results. 

The  elimination  gives: 
From  equations  (17)  and  (18), 

Ra  +  Rip  =  Rac, 

which  is  the  same  as  equation  (10);  from  equations  (17)  and 
(21), 

Ra,  (KI  excess)  =  -  •  Rac, 

which  is  the  same  as  equation  (7);  also  from  equations  (21) 
and  (22), 

2 
Rip,  (KI  excess)  =  2Ra,  (KI  excess)  —  -  •  Rac 

which  is  the  same  as  equation  (8) . 

That  is  to  say,  the  main  quantitative  relations  between 
the  rates  of  oxidation  of  acceptor  and  inductor  are  in  accord- 
ance with  the  postulates  of  the  theory  set  forth  on  page  77. 
These  relations  are  clearly  shown  in  Fig.  6,  which  is  in  obvious 
agreement  with  Figs.  1  to  5,  where  the  curves  wrere  plotted 
from  the  experimental  data. 

Further  Development  of  the  Theory 

A  graphic  representation  of  the  theoretical  relations  is 
given  in  Fig.  6,  where  the  dotted  line  shows  the  general  form 
of  the  Rip  curve  for  increasing  concentration  of  iodide. 

Conclusions  as  to  the  relative  effects  of  the  reagents  on  the 
rates,  Rap  and  Rip  might  be  drawn  from  the  form  of  the  Rap 
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and  Rip  curves  before  they  become  horizontal ;  unfortunately, 
the  experimental  errors  incident  to  the  method  of  analysis 
are  greatest  when  the  concentration  of  the  iodide  is  small 
and  this  renders  any  detailed  study  of  the  curves  useless. 
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Fig.  6 

However,  from  Tables  V  and  VI  it  appears  that  in  solutions 
containing  As  10,  Cr  20,  Ac  242,  the  rates  Rip  and  Rap 
are  equal  when  Kl  is  about  25.  If  Rip  were  proportional 
to  the  first  power  of  the  concentration  of  the  iodide  then  for 

Rib 

Kl  =  150,      ^  would  be  6;  and  if  to  the  second  power  of  the 

iodide,  36.  The  first  is  certainly  far  too  low  to  be  in  agree- 
ment with  the  results  while  the  second  is  not. 

Again,  comparison  of  Tables  VI  and  VII  shows  that  when 
the  concentrations  of  both  the  arsenic  and  iodide  are  doubled 

the  ratio  „   x  is  increased:  or  in  other  words  the  arsenious  acid 
Rap 

has  less  effect  on  the  rate  Rap  than  the  iodide  has  on  the  rate 
Rip;  if  Rip  be  set  proportional  to  the  second  power  of  the 
concentration  of  the  iodide  (in  accordance  with  the  con- 
clusion reached  in  last  paragraph),  then  Rap  must  be  set 
proportional  to  some  lower  power  of  the  concentration  of  the 
arsenious  acid — perhaps  the  first. 

Nature  of  the  Primary  Oxide 

As  has  been  shown  on  page  77  the  experimental  results 
of  the  present  paper  accord  equally  well  with  either  of  the 
following  assumptions: 

(1)  A  peroxide  of  arsenic. 
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(2)  A  peroxide  of  chromium. 

(3)  A  complex  peroxide  of  chromium  and  arsenic. 

If  one  is  to  choose  between  these  assumptions,  additional 
evidence  is  necessary.  Such  evidence  may  possibly  be  ob- 
tained in  the  following  ways : 

(a)  By  comparison  of  the  powers  of  the  reagents  corre- 
sponding to  the  various  hypotheses,  with  those  obtained  by  ex- 
periment — as  suggested  by  Van't  Hoff. 

Equations  (14)  and  (14a),  corresponding  to  the  assump- 
tions of  a  peroxide  of  arsenic  and  one  of  chromium  respectively 
both  agree  with  the  fact  that  the  rate  of  oxidation  of  arsenious 
acid  by  chromic  acid  is  proportional  to  the  first  power  of  the 
concentration  of  the  arsenious  acid  and  to  the  o.gth  power 
of  the  concentration  of  the  bichromate  (regarding  the  chromic 
acid  as  not  being  completely  ^dissociated) ;  and  equation  (14), 
together  with  the  view  that  an  ion1  of  arsenious  acid  reacts 
with  chromic  acid,  satisfactorily  accounts  for -the  effect  of  the 
sulphuric  acid  concentration,  while  equation  (14a)  offers  no 
explanation  of  the  effect  of  the  concentration  of  the  acid. 
We  thus  have  an  argument  in  favor  of  assumption  (1)  or  (3), 
and  against  assumption  (2). 

(b)  By  " systematic  variation  of  the  three  reagents"  as 
suggested  by  Luther  and  Schilow.2 

Many  qualitative  experiments  were  made  substituting 
for  chromic  acid  other  oxidizing  agents,  such  as,  H202,  K^ft^ 
KBr03f  A'CZO„  KC104,  using  starch  as  indicator  for  the  iodine 
liberated,  and  keeping  the  concentrations  of  the  iodide  and 
sulphuric  acid  sufficiently  large  to  prevent  the  arsenious  acid 
from  acting  on  the  liberated  iodine.  In  no  case  was  the 
oxidation  of  iodide  found  to  be  accelerated  by  the  addition 
of  arsenious  acid.  Thus  we  have  evidence  that  the.  primary 
oxide  is  a  compound  of  chromium    (assumptions  (2)  and  (3)). 

Also  when   certain   reducing  agents  are   substituted   for 

1  See  the  paper  on  the  rate  of  oxidation  of  arsenious  acid  by  chromic 
acid. 

-  Zeit.  phys.  Chetn.  46,  816  (1903). 
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arsenious  acid  the  rate  of  oxidation  of  iodide  by  chromic  acid 
is  accelerated;  this  is  noticeable  in  the  case  of  some  organic 
acids  as  tartaric  and  oxalic  acids1  and  in  the  case  of  ferrous 
salts2  in  this  last  case,  however,  the  acceleration  cannot  be 
ascribed  to  the  formation  of  a  peroxide,  as  Miss  Benson  has 
shown.  So  too,  in  any  given  case,  to  account  for  the  accelera- 
tion, different  types  of  intermediate  compounds  may  be 
assumed  in  the  absence  of  definite  knowledge  of  the  kinetics 
of  the  reactions,  and  it  is  in  this  particular  that  the  method 
suggested  by  Luther  and  Schilow  fails. 

Summing  up  the  evidence  brought  forward  by  the  ap- 
plication of  the  above  two  methods,  (a)  and  (6),  we  find 
arguments  for  and  against  the  assumptions  that  the  primary 
oxide  is  one  of  arsenic  or  one  of  chromium,  (1)  and  (2),  but 
none  contrary  to  the  view  that  tfie  primary  product  is  a  com- 
plex peroxide  of  arsenic  and  chromium  (3). 

Determination  of  the  Degree  of  Oxidation  of  a  Hypothetical 

Primary  Oxide 

The  problem  of  determining  the  degree  of  oxidation  of  an 
assumed  primary  oxide  is  of  general  interest,  and  some  methods 
of  doing  so  will  now  be  given,  using  the  present  case  in 
illustration. 

(a)  From  the  ratio  of  the  quantities  of  acceptor  and  in- 
ductor oxidized  in  any  interval  (induction  factor),  when  the 
concentration  of  the  acceptor  is  so  great  that  this  ratio  has  become 
constant  (as  employed  by  Manchot,  Luther  and  Schilow  and 

others). 

Let  the  composition  of  the  peroxide  be  represented  by  the 
general  formula,  As2Oh  7r.  Then  the  reaction  between  the 
peroxide  and  arsenious  acid  must  be  written: 

As  fit     2,  +  rAsfit  -  (r  ■'-  i)As20,  (23) 

and  that  between  the  peroxide  and  the  iodide, 

As2Oh    „       4rHI^2rl2+As20,-\-2rHfl.  (24) 

1  I  have  made  some  measurements  on  this  subject,  and  these  I  hope  soon 
to  complete  and  publish. 

-  Manchot:  loc.  cit. ;  Miss  C.  C.  Benson:  loc.  cit. 
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When  the  iodide  is  in  excess  reaction  (23)  is  negligible,  and 
hence  for  every  equivalent  of  arsenic  acid  formed  r  equivalents 
of  iodine  are  liberated,  or, 

-  -  -    (KI  excess)  =  r,  (25) 

where  h  —  ic  and  %'  are  the  amounts  of  iodide  and  of  arsenious 
acid  oxidized  in  the  same  time  (both  quantities  being  ex- 
pressed in  cc  of  0.01  N  solution)  see  page  61. 

As  shown  on  page  72,  r  =  2,  and  hence  the  peroxide  is 
As209. 

If  a  primary  oxide  of  chromium  be  assumed  the  treat- 
ment is  similar.  Regarding  CrOs  and  Cr2Os  as  the  initial 
and  final  oxides  in  the  reduction  of  chromic  acid,  let  the 
general  formula  of  the  peroxide  be  Cr2Os  h  5.  Then  for  the 
formation  of  this  oxide  we  have : 

2CrOz  +3~}S  Asfiz  =  Cr209  , ,  +  3^  As*°»  < 26> 

for  the  oxidation  of  arsenious  acid  by  peroxide, 

Cr2Os  M  +  I  As2Os  =  Cr2(98+  *  AstO,;  (27) 

and  for  the  reaction  between  peroxide  and  iodide, 

CrtO,  ls  +  2sHI=Cr,0s+sIr  (28) 

When  the  iodide  is  in  excess,  reaction  (27)  is  negligible,  hence, 

h — ic    „.  s 

— . —  (KI  excess)  = .  (20) 

x  3~s 

As  shown  on  page  72  the  value  of  the  ratio  (h  —  ic) :  x\  when 
the  iodide  is  in  excess,  is  2,  hence  s  =  2,  and  the  formula  of  the 
peroxide  is  Cr2Oy 

(b)  From  the  ratio  of  the  rates  of  oxidation  of  the  inductor 
in  the  absence  of  the  acceptor  to  that  in  the  presence  of  excess  of 
the  acceptor. 

If  the  peroxide  be  one  of  arsenic,  As2Ob  r2J9  we  have 
from  equations  (23)  and   (24) : 

Roc  .  Rac — Rat(K I  excess)  ,     v 

Rat(K I  excess)  Ra,  (K I  excess)  ' 
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Hence  from  the  definitions  of  k  and  k*  given  on  page  62. 

k  k  —  k' 

p  =  r-j   I'or'-^r-  =r.  (31) 

Or  if  a  peroxide  of  chromium,  Cr203J_st  be  assumed,  we  have 
from  equations  (26)  and  (27) : 

Rac  _      3  Rac —  Ray(KI  excess) s 

Ra,  (KI  excess)  ~"  3— s  °r'  ~~ R^Kl~exc~es~sY~  ~  J=s    (32) 

hence  also, 

k         3  k — k'         s  ,    . 

v  =  J^s'  or'  —IT  =  J=s  (33) 

In  Tables  V-IX  it  is  seen  that  the  value  of  the  ratio 
Rac :  f?ay  (KI  excess)  is  very  close  to  3 :  hence  from  equation 
(30),  r  =  2,  and  from  equation  (32),  s  =  2.  In  the  summary, 
Table  XXIII,  the  value  of  the  ratio,  k:kf  is  seen  to  be  3; 
hence  again  r  and  s  have  the  value  2  (equations  (31)  and 
(33))-  Thus  the  formula  of  the  peroxide  must  be  written, 
As209  or  Cr2Oy 

(c)  From  the  amounts  of  the  acceptor  oxidized  in  known 
intervals,  assuming  that  the  law  of  the  oxidation  of  the  inductor 
in  the  absence  of  acceptor  is  known 

It  is  generally  very  difficult  to  determine  the  amounts 
of  each  of  two  reducing  agents  in  the  presence  of  an  oxidizing 
agent,  and  quite  often  impossible  to  find  accurately  the 
induction  factor  (when  the  reaction  is  over);  in  such  cases 
if  it  is  possible  to  make  near  the  beginning  of  the  reaction  a 
few  measurements  of  the  amount  of  acceptor  oxidized  when 
this  reagent  is  in  excess,  the  degree  of  oxidation  of  the  primary 
product  may  be  calculated  by  the  following  methods. 

The  rate  of  oxidation  of  arsenious  acid  by  chromic  acid  is 
proportional  to  the  first  power  of  the  concentration  of  the 
arsenious  acid;  thus  using  the  symbols  defined  on  page  62, 
we  have, 

k=lfl09^-x  (34) 

and  when  the  acceptor  is  present  in  excess, 

V^l-^A^Z'-  (35) 
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■ 

When  the  acceptor  is  in  excess,  we  have,  assuming  the  formula 
of  the  peroxide  to  be  A  sfih  +  2r 


of 

• 

-  (KI  excels)  =  r 

whence,  writing  a 

for  h  — 

ic  to  economize 
r 

space, 

and  we  have, 

/  .          As 

'l          As— -l 

r 

*2 

As          i 
r 

y4* 

(36) 


where  *t,  a,;  *2,  a2;  *8,  a?;  etc.,  are  experimentally  determined 
values  of  t  and  a. 

(i)  This  equation  may  be  solved  for  r,  most  simply  by 
testing  in  turn,  the  numbers,  1,2,  etc. 

If  the  rate  of  oxidation  of  the  inductor  had  been  propor- 
tional to  any  other  power  of  its  concentration  than  the  first, 
an  equation  somewhat  similar  to  (36)  could  be  written,  to  be 
solved  for  r. 

(it)  If  it  be  assumed  that  the  value  of  k  in  equation  (34) 
be  known,  r  can  be  found  from  the  following  equation  (which 
is  obtained  from  (31)  and  (33)) : 

*  =  7Ti=  V109* AA*  a  (37) 

As 

r 

by  putting  it  in  the  form, 

>Tt  =  -',M'-  FS) 

If  the    fraction  — -r-   be  very  small  we    have  as  a  first  ap- 

proximation, 

2.30  k  _  r     a  .     . 

7+7  ~~  ~t '  77A~s  U9; 
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and  since  a  =  h  —  ic  we  have, 

r  =  °^43(h-ic)  =r,o{ TabJe  xxn 

k.t.As — 0.4343(91 — tc) 

Using  this  approximation  the  values  of  rf  given  in  Table  XXII 
were  calculated.  It  will  be  noticed  that  the  value  of  r'  diminishes 
as  a  (i.  e.,  h  —  ic)  increases,  because  the  neglected  terms  of 
equation  (38)  become  larger  and  larger.  Hence  a  closer 
approximation  is  to  be  desired: 

2.30k _  if  a      ,   / (  a   \\  .     . 

r+i-~t\VAs  +  ~t\r.As)  J  UU 

and  hence, 

_     a      \   (a  +  2. As)2  +  8.As(2.3ok.t.As — a)  -f  {a  +  2. As)  _ 
~~  4.AS  2.3ok.t.As  —  a 

of  Table  XXII.  (42) 

The  values  of  r"  in  Table  XXII  were  calculated  bv  means 
of  formula  (42). 

These  values  do  not  fall  off  so  noticeably  on  increasing  the 
value  of  a  (i.  e.fh  —  ic)  as  do  the  values  of  r'  in  the  same  table. 
Both  r'  and  r"  point  to  the  number  2  as  the  value  of  r.  A 
slight  error  in  k  or  a  will  cause  a  considerable  error  in  the  value 
of  r"\  this  is  noticeable  in  initial  values  of  some  of  the  tables. 

(Hi)  The  value  of  r  may  be  found  also  in  the  following 

manner : 

We  have 

dx' 
-^=-_2.3ok'(As—x'), 

and  since  a=r.x',  it  follows  that 

■,-  =  2.30k '(r.As  —  a),  (43) 

at 

whence, 

f  f 

a-    2.30k'  \(r.As  —  a),  dt-  -  2.30k' (r.  As. t  —  \a.dt)y 

Jo  Jtf 

and  therefore, 

at  =  2.30k' (r. As  —  J\a.dt).  (44) 
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Now  the  values  of  \   a.dt  can  be    found  easily  and  accurately 

from  the  plotted  curve,  a,  t,  and  hence  the  values  of  k'  and  of 

r.As  can  be  found  by  means   of  equation    (44)  for  any  two 

pairs  of  values  of  a  and  /. 

Thus,  we  have 

r.  As        h—ic 

-37-  =-^-(Jort=^)^,rK  (45) 

If  in  addition  the  value  of  k  of  equation  (34)  be  known,  the 
value  of  r  can  be  determined  from  the  above  calculated  value 
of  k'  as  in  equation  (31). 

SUMMARY 

A  method  of  analysis,  which  may  be  of  use  in  the  study 
of  other  complicated  cases  of  induced  oxidation,  is  described. 

Addition  of  potassium  iodide  lessens  the  rate  of  oxidation 
of  arsenious  acid  by  chromic  acid,  the  retardation  increasing 
with  the  concentration  of  the  iodide  up  to  a  certain  point  from 
which  on  thq  rate  of  oxidation  of  arsenious  acid  is  equal  to 
one-third  the  rate  when  no  iodide  is  present;  or  symbolically, 

Ra  (Kl  excess)  =  -  .  Rac. 

3 

The  rate  at  which  iodine  is  liberated  in  solutions  con- 
taining arsenious  acid,  iodide  and  chromic  acid,  after  correct- 
ing for  the  direct  oxidation  of  iodide  by  chromic  acid,  in- 

1  As  an  example  of  this  method  the  following  table  calculated  from  the 
data  of  Table  XI,  by  methods  described  in  Jour.  Phys.  Chem.,  10,  423  (1906)  is 
given. 


r.As 


(1)  20  ,           2.55                  

(2)  25  2.96                  

(3)  30  ;         3.42  10.0,  from  (1)  and  (3) 

(4)  35  3-83  10.4,  from  (2)  and  (4) 

(5)  40  4.19  10.4,  from  (3)  and  (5) 

In  this  table  a  -~  h  —  ic  {ca!i\ )  of  Table  XI.     The  value  of  As  is  5.00  and  hence 
r-    J  very  closely. 
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creases  with  the  concentration  of  the  iodide  up  to  a  certain 
point  from  which  on  the  rate  of  liberation  of  iodine  is  twice 
the  rate  of  oxidation  of  arsenious  acid  (expressing  both  iodide 
and  arsenious  acid  in  equivalents),  or, 

Rip  --  2Rat  (KI  excess). 

The  rate  of  reduction  of  chromic  acid  (after  correcting 
for  the  direct  action  of  the  iodide)  is  the  same  for  all  con- 
centrations of  iodide  from  zero  up,  or, 

Ra  +  Ri—Ric  =  Ra  +  Rip  =  Roc. 

Expressing  each  of  the  three  rates,  Rac  (rate  of  oxidation 
of  arsenious  acid  by  chromic  acid  in  the  absence  of  iodide) , 
Ra  (rate  of  oxidation  of  arsenious  acid  in  the  presence  of 
iodide)  and  Rip  (rate  of  liberation  of  iodine  after  correcting 
for  the  direct  action  of  the  chromic  acid  on  iodide),  in  terms 
of  the  concentrations  of  the  reagents,  we  have 

Rac  =  k.As.(Cr)°i.(Ac)1  < 

Ra  =k'.As.{Cr)Q<>\Acy* 

Rip^  k".As.(Cr)°-9.(Ac)1-* 

where  k'  and  k"  depend  on  the  concentration  of  the  iodide. 
When  the  iodide  is  in  excess, 

k  --.  3k'  =  3  .k". 

J         2 

The  effect  of  the  temperature  on  the  rates  Rac,  Ra 
(KI  excess)  and  Rip,  (KI  excess)  is  the  same,  the  coefficient 
being  unusually  small  (somewhat  less  than  1.3). 

The  results  may  be  accounted  for  by  assuming: 

(a)  That  arsenious  acid  acting  on  chromic  acid  forms 
slowly  a  primary  oxide. 

(b)  That  this  oxide  is  completely  and  instantaneously  re- 
duced  by  cither  arsenious  acid  or  iodide. 

(c)  That  the  fractions  of  the  primary  oxide  reduced  by 
arsenious  acid  and  iodide  respectively,  in  solutions  containing 
both,  depend  on  their  relative  concentrations:  when  the  iodide 
is  in  large  excess  the  amount  of  the  primary  oxide  reduced  by 
the  arsenious  acid  is  negligible. 
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The  primary  oxide  may  be  one  of  the  following: 
(0  A  peroxide  of  arsenie  represented  by  the  formula, 
As2Ov,  or  one  of  its  hydrates,  c.  g.,  //v4,?(>0. 

(2)  An  intermediate  oxide  of  ehromium  of  the  formula, 
Cr2(\t,  or  one  of  its  hydrates,  e.  g.,  H2Cr2(_\. 

(3)  A  complex  peroxide  of  arsenic  and  chromium  of  the 
same  degree  of  oxidation  as  (1)  and  (2). 

Other  evidence  is  in  support  of  the  view  that  the  peroxide 
is  one  of  arsenic;  and  still  other  evidence  favors  the  assump- 
tion that  the  primary  oxide  is  a  compound  of  chromium; 
the  view  that  the  primary  oxide  is  a  complex  peroxide  of  arsenic 
and  chromium  is,  however,  in  best  accord  with  all  the  facts. 

Methods  are  described  by  which  the  degree  of  oxidation 
of  a  hypothetical  primary  oxide  may  be  determined. 

The  above  experimental  work  was  completed  in  the 
Chemical  Laboratorv  of  the  Universitv  of  Toronto  in  May, 

K)05. 

I  wish  here  to  express  my  thanks  to  Professor  \V.  Lash 
Miller  at  whose  suggestion  this  research  was  undertaken,  for 
his  kind  advice  and  assistance  throughout. 
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Received  December  5th,  1906. 

During  the  progress  of  a  research  upon  the  mechanism  of  the  oxida- 
tion of  naphthalene  to  phthalic  acid,  it  was  found  necessary  to  be  provid- 
ed with  methods  for  the  detection  and  accurate  determination  of  ar- 
naphthoquinone,  ft- naphthoquinone,  phthalonic  acid  and  phthalic  acid; 
and  also  with  a  method  for  the  determination  of  phthalic  acid  in  the 
mixture  of  organic  acids  formed  by  the  oxidation.  As  no  such  methods 
are  described  in  the  chemical  literature,  I  was  forced  to  work  them  out 
for  myself;  and  after  a  number  of  preliminary  trials  arrived  at  the  follow- 
ing, which  have  proved  very  satisfactory,  both  as  to  the  simplicity  of  the 
operations  involved,  and  the  accuracy  of  the  results  obtained. 

Determination  of  a- Naphthoquinone  :  This  compound  was  prepared 
by  the  method  of  Japp  and  Miller1  which  is  an  improvement  on  the 
method  of  Groves'. 

The  reaction  of  the  quinone  which  seemed  best  suited  for  the  purposes 

1  J.  Chem.  Soc.  39.  220  (1881). 

2  Liebig's  Ann.  167,  357,  U&73)- 


DETECTION  AND  ESTIMATION  OF  NAPHTHOQUINONE  23I 
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of  an  analytical  method  is  that  with  stannous  chloride,  which  has  been 
used  by  Plimpton1  and  by  Russig*  for  the  preparation  of  a-hydro- 
naphthoquinone  and  its  derivatives. 

In  the  first  experiments  I  treated  the  quinone  with  a  large  quantity 
of  the  stannous  salt,  and  attempted  to  determine  the  excess  of  the  latter 
with  decinormal  iodine.  No  satisfactory  results  were  obtained,  however, 
either  at  room  temperature,  or  at  ioo°.  This  might  be  accounted  for 
by  the  action  of  iodine  on  the  hydro-naphthoquinone  formed  by  the 
reduction;  but  even  when  the  latter  was  removed  the  results  were  still 
unsatisfactory. 

The  plan  was  then  changed,  and  the  stannous  salt  was  added  to  the 
quinone  from  a  burette  until  the  reduction  was  complete,  the  end  point 
being  recognized  by  the  absence  of  characteristic  color  reactions  of  the 
quinone.  Two  methods  of  working  were  studied,  differing  in  the  nature 
of  the  indicator  chosen;  both  gave  good  results,  and  in  each  2SnCl,  were 
required  for  one  mol.  of  C10H6Or 

First  Method :  A  decinormal  solution  of  stannous  chloride  in  two  per 
cent,  hydrochloric  acid8  is  run  into  the  alcoholic  solution  of  the  quinotie, 
until  the  yellow  color  of  the  latter  is  almost  discharged.  The  addition 
of  the  stannous  chloride  is  then  proceeded  with  drop  by  drop,  testing 
after  each  addition  on  a  watch  glass,  with  a  drop  or  two  of  a  mixture  of 
equal  volumes  of  phenyl-hydrazine  and  alcohol.  So  long  as  a  trace  of 
the  quinone  remains  a  bright  pink  color  is  formed.4  (Taken,  0.0700  g. 
quinone  :  found,  0.070  g.). 

Second  Method :  To  the  alcoholic  solution  of  .  the  quinone,  three 
or  four  drops  of  freshly  distilled  aniline  are  added,  and  the  whole  is 
boiled;  whereupon  it  turns  bright  red6.  Decinormal  stannous  chloride 
is  then  run  in  from  a  burette,  heating  to  boiling  after  each  addition, 
until  the  red  color  is  completely  discharged.  If  the  end  point  has  been 
over-stepped,  a  volumetric  solution  of  the  naphthoquinone  may  be  used 
for  titrating  back.      (Taken,  0.0700  g.  quinone;  found,  0.072  g.). 

Purification  of  $- Naphthoquinone  :  This  compound  was  prepared 
according  to  the  method  of  Lagodzinski  and  Hardine*,  about  40  g.  of 
crude  quinone  being  obtained  from  50  g.  )9-naphthol.  No  method  could 
be  found  in  the  literature  for  the  purification  of  this  crude  material,  and 
attempts  to  recrystallize  it  from  ether,  alcohol,  benzene,  petroleum  ether, 
acetone,   chloroform,  or  mixtures  of  these,  were  unsuccessful. 

1  J.  Chem.  Soc.  37,  635  (1880). 
1  J.  pr.  Chem.  170.  32  (1900). 

3  If  the  acid  is   too  concentrated,  some  of  Knapp  and  Schultz's   amorphous 
compound  may  be  formed,  Ann.  aio,  178  (1881). 

4  Ber.  17,  3026,  (1884). 

5  J.  Chem.  Soc.  37,  635  (1880). 
•Ber.  27,  3075(1894). 
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The  following  method  based  on  the  reduction  of  the  quinone  to  the 
corresponding  hydroquinone  and  subsequent  oxidation  of  the  latter, 
however,  effects  a  complete  purification  without  loss  of  material. 

Twenty  grams  of  the  crude,  dark  colored  quinone  is  placed  in  a  500 
cc.*  Erlenmeyer  flask,  250  cc.  of  water  saturated  with  sulphur  dioxide  is 
added,  the  flask  is  corked  tightly  and  the  whole  shaken  violently  for 
about  half  a  minute  or  until  nearly  all  is  dissolved.  The  shaking  must 
not  be  continued  too  long  or  there  will  be  a  loss  due  to  the  separation  of 
hydroquinone  from  the  solution.  The  mixture  is  then  quickly  filtered  by 
suction  through  a  Buchner  perforated  funnel  directly  into  a  solution 
containing  60  grams  potassium  bichromate  and  40  cc.  cone,  sulphuric  acid 
in  1200  cc.  water  cooled  to  5°-io°.  The  suction  flask  should  be  shaken 
with  a  circular  motion  during  the  filtration.  The  pure  quinone  falls  to 
the  bottom  as  a  bright  yellow  orange  precipitate  and  a  black  tarry  residue 
remains  on  the  filter.  A  second  portion  of  twenty  grams  crude  quinone 
may  be  dissolved  in  sulphurous  acid  as  before,  and  filtered  into  the  same 
oxidizing  mixture  without  removing  the  quinone  already  there. 

Determination  of fl- Naphthoquinone  :  Decinormal  stannous  chloride  is 
added  from  a  burette  to  the  quinone  dissolved  in  ether.  A  dark  green, 
almost  black,  opaque  solution  results;  owing,  probably,  to  the  formation 
of  a  quinhydrone.  On  adding  more  tin  solution  a  point  is  finally  reached 
at  which  the  solution  in  ether  suddenly  becomes  colorless  and  transparent, 
indicating  the  complete  reduction  of  the  quinone  to  hydroquinone.  Each 
mol.  quinone  requires  one  mol.  SnCl,.  (Taken,  0.0700  g.;  found,  0.071  g.). 

Purification  of  Phthalonic  Acid :  The  syrupy  solution  prepared  from 
naphthalene  and  potassium  permanganate  by  the  method  of  Graebe  and 
Triimpy1  crystallizes  on  long  standing  in  a  desiccator  to  a  solid  mass, 
said  to  consist  of  the  dihydrate  of  phthalonic  acid8;  I  fouud  it,  however, 
impossible  to  obtain  a  preparation  of  definite  composition  without 
completely  dehydrating  the  acid.  This  is  seen  from  the  following 
determination  of  the  water  of  crystallization. 

1.9676  g.  of  the  pulverized  amorphous  acid  was  heated  in  a  steam  bath 
for  five  hours;  the  loss  in  weight  was  0.21 16  g.  It  was  further  heated 
at  1150   to  constant  weight.     Total  loss  in  weight,  0.2606  g. 

Pound  Calc.  (C»HftOft.aHsO) 

HsO       "  13.3  15  65 

The  acid  thus  contained  2.35%  less  water  of  crystallization  than  cor- 
responds to  the  dihydrate. 

Determination  of  Phthalonic  Acid :  Two  methods  were  devised  for  the 
quantitative  determination  of  phthalonic  acid,  both  of  which  can  be 
quickly  and  accurately  carried  out.     In   the  first   the  carbon   monoxide 

>Ber.  31,369,  (l898)- 
1  Ibid  370,  (1898). 
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evolved  on  heating  with  sulphuric  acid  is  measured,  and  in  the  second 
the  phthalonic  acid  is  oxidized  by  a  volumetric  solution  of  potassium 
permanganate. 

First  Method:  The  phthalouicacid,  about  0.5  g.,  is  placed  in  a  thick- 
walled  hard  glass  test  tube;  aud  5  cc.  concentrated  sulphuric  acid  is  added. 
The  tube  is  then  fitted  with  a  rubber  stopper  through  which  pass  two 
glass  tubes,  one  running  to  within  three  quarters  of  an  inch  of  the  surface 
of  the  acid  and  connected  with  a  carbon  dioxide  apparatus,  B,  the  other 
ending  just  flush  with  the  bottom  of  the  stopper  and  connected  to  the 
inlet   tube  of  a   Schiffs  azotometer,  C,  containing   30%  caustic  potash 


solution.  The  air  is  completely  expelled  by  allowing  a  rapid  stream  of 
carbon  dioxide  to  pass  through  the  apparatus,  the  potash  solution  during 
this  operation  being  almost  all  in  the  levelling  bulb  D.  When  the  air  is  all 
expelled  the  tube  of  the  azotometer  is  filled  with  the  potash  solution,  and 
the  levelling  bulb  placed  so  that  the  surface  of  the  potash  in  it  is  about 
level  with  the  inlet  tube  of  the  azotometer,  the  mixture  of  phthalonic 
acid  and  sulphuric  acid  is  gradually  heated  in  a  paraffine  bath  to  130° 
when  carbon  monoxide  is  quite  rapidly  evolved.  This  continues  for 
about  ten  minutes  when  the  evolution  slackens.  The  temperature  is  now 
raised  to  140*  and  in  five  minutes  more  the  greater  part  of  the  carbon 
monoxide  is  evolved.  At  this  temperature  carbon  monoxide  would 
continue  to  be  evolved  very  slowly  for  six  or  seven  hours;  but  if  the 
temperature  is  raised  to  iSo°  the  remaining  gas  is  quickly  given  off,  and 
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the  evolution  entirely  ceases.  The  whole  duration  of  the  heating  is 
about  one  hour.  The  carbon  monoxide  remaining  in  the  reaction  tube  is 
driven  over  into  the  azotometer  by  a  stream  of  carbon  dioxide;  the  level- 
ling bulb  is  raised  so  that  the  pressure  inside  the  azotometer  is  slightly 
greater  than  that  of  the  atmosphere,  and  the  azotometer  is  disconnected 
from  the  heating  tube.  The  gas  is  then  transferred  to  a  gas  burette 
filled  with  a  saturated  solution  of  carbon  monoxide  in  water,  and  after 
standing  half  an  hour  the  volume  is  read,  barometer  and  thermometer 
being  noted.  In  each  of  two  experiments  an  amount  of  carbon  monoxide 
corresponding  to  0.49  g.  of  phthalonic  acid  was  obtained  from  0.500  g.  of 
the  acid. 

Another  series  of  experiments  showed   that  when   phthalic  acid   or 


^OcJtftA. 


phthalic  anhydride  was  heated  with  concentrated  sulphuric  acid  to  2100, 
no  gas  not  absorbed  by  caustic  potash  solution  was  evolved. 

Second  Method  :  This  method,  while  just  as  accurate  as  the  preceding 
has  the  advantage  of  being  much  more  rapid;  it  allows  the  determination 
of  phthalonic  acid  in  the  presence  of  phthalic,  homophthalic,  and  phthal- 
id-carbonic  acids. 

The  phthalonic  acid  is  dissolved  in  water,  sulphuric  acid  added,  and 
dec i normal  potassium  permanganate  run  in  from  a  burette.  The  oxidation 
is  slow  at  first,  but  increases  in  speed  as  it  proceeds,  owing  probably  to  the 
catalytic  action  of  the  manganous  sulphate  formed.  The  end  point  can 
best  be  obtained  by  running  in  an  excess  of  permanganate  and  titrating 
back  with  ferrous  sulphate  until  the   last   tinge  of  pink   is  discharged. 
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By  working  in  this  way  the  end  point  can  be  determined  without  diffi- 
culty within  two  drops  of  twentieth-normal  ferrous  sulphate.  The 
results  agreed  accurately  with  the  theory. 

The  titration  must  not  be  carried  out  in  hot  solutions,  as  in  that  case 
homophthalic,  phthalid-carbonic,  and  even  phthalic  acids  are  acted  on. 
By  adding  manganous  sulphate  to  the  phthalonic  acid  before  running  in 
the  permanganate,  the  action  of  the  latter  is  much  accelerated. 

Separation  and  Determination  of  Phthalic  Acid  \  The  method  consists 
in  separating  the  phthalic  acid  from  homophthalic  and  phthalid-carbonic 
acids  by  sublimation,  and  determining  it  with  volumetric  alkali.  The 
apparatus  in  which  the  sublimation  is  effected  is  made  up  of  the  test  tube 
A,  the  air  tube  B,  and  the  absorbent  cotton  C,  to  catch  the  sublimed 
phthalic  anhydride.  The  tube  B  ends  in  a  fine  point  about  half  an  inch 
above  the  mixture  of  organic  acids  in  the  bottom  of  the  test  tube,  and  is 
connected  with  an  inverted  aspirator  D. 

The  test  tube  is  immersed  to  the  depth  of  3/4-inch  in  a  metal  bath  kept 
at  20o°-22o°,  and  a  fairly  strong  current  of  air  directed  on  to  the  surface 
of  the  acids.  After  half  an  hour,  the  apparatus  is  removed  from  the  bath. 
When  cool,  the  bottom  of  the  test  tube  is  cutoff,  the  cotton  is  transferred 
to  a  beaker  and  any  anhydride  adhering  to  the  interior  of  A  or  the  exterior 
of  B  is  washed  into  the  beaker  by  a  volumetric  solution  of  caustic  potash. 
Excess  of  the  potash  is  then  added  to  the  contents  of  the  beaker,  and 
after  the  cotton  has  soaked  for  half  an  hour  in  the  alkaline  solution,  the 
excess  of  alkali  is  determined  by  volumetric  sulphuric  acid  and  phenol 
phthalein,  boiling  and  taking  the  usual  precautions  to  avoid  errors  due  to 
carbon  dioxide.  A  blank  experiment  showed  that  the  "Bauer  and  Black 
cotton"  used  was  perfectly  neutral. 

In  this  connection  it  should  be  noted,  that  phthalic  anhydride  cannot 
be  determined  by  caustic  potash  in  the  presence  of  alcohol;  even  the 
alcohol  contained  in  a  few  drops  of  phenolphthalein  solution  used  as 
indicator  affects  the  results,  causing  the  red  color  to  appear  with  too 
little  potash,  possibly  due  to  the  formation  of  an  acid  ester  of  phthalic 
acid.  It  is  necessary,  therefore,  to  introduce  the  indicator  in  the  solid 
form,  or  dissolved  in  the  volumetric  potash. 

The  following  results  show  the  degree  of  accuracy  of  the  method  : 
Taken,  0.250  g.  phthalic  acid,  0.25  g.  homophthalic  acid  and  0.25  g. 
phthalid-carbonic  acid;  found,  0.252  and  0.249  g.  phthalic  acid. 

Fluorescein  Reaction  :  This  was  carried  out  in  the  following  manner  : 
One  decigram  of  resorcinol  was  mixed  with  its  own  weight  or  less  of  the 
acid  to  be  tested,  moistened  in  a  test  tube  with  one  drop  of  concentrated 
sulphuric  acid,  and  heated  to  1600  for  three  minutes  in  a  bath  of  sulphuric 
acid.  After  cooling,  the  mass  was  shaken  with  2  cc.  of  a  10  per  cent, 
solution  of  caustic  soda,  and  poured  into  500  cc.  of  water. 
5 
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When  resorcinol  alone  is  treated  as  described  above,  a  red  solution  is 
obtained  with  marked  blue  fluoresence.  One  decigram  of  phthalic  acid 
with  the  resorcinol  gives  a  light  solution  with  very  strong  green  fluor- 
escence; one  milligram,  a  red  solution  with  green  fluorescence;  and  one- 
fifth  milligram,  a  solution  redder  than  the  last,  with  blue-green  fluores- 
cence; on  comparing  it  with  the  solution  obtained  from  resorcinol  alone, 
the  green  hue  of  the  fluorescence  is  distinctly  recognizable. 

The  following  substances  were  also  tested,  one  decigram  being  used  in 
each  case:  naphthalene,  red-pink  solution,  with  green  fluorescence;  «- 
naphthoquinone,  the  same;  ^-naphthoquinone,  dark  green  solution,  no 
fluorescence;  or-naphthol,  red  solution,  blue  fluorescence;  /?-naphthol,  the 
same.  In  none  of  these  cases  was  the  fluorescence  as  marked  as  when 
one-fifth  milligram  of  phthalic  acid  was  employed.  Phthalonic  acid  gave 
a  dark  red  solution,  with  strong  blue-green  fluorescence;  phthalid-carbon- 
ic  acid,  a  pink-red  solution  with  green  fluorescence,  much  resembling 
that  obtained  from  naphthalene;  and  homophthalic  acid,  a  slightly  red 
solution,  with  green  fluorescence,  almost  as  strong  as  when  a  decigram  of 
phthalic  acid  was  used. 

I  desire  to  express  my  thanks  to  Prof.  W.  Lash  Miller  under  whose 
direction  this  work  was  performed. 

University  of  Toronto, 
Toronto,  Canada. 


REPRINTED  FROM  THE  JOURNAL 


OP    THE 


0tttt5  si  (%mital  fnkstrg. 


DECEMBER  31,  1906. 


THE  DETERIORATING  EFFECT  OF 
"ACID  PICKLE  "  ON  STEEL  RODS, 
AND  THEIR  PARTIAL  RESTORA- 
TION ON  "BAKING." 


BY 

HERBERT  A.  BAKER  and  W.  R.  LANG. 


LONDON : 
Vacher  &  Sons,  Westminster  House,  Great  Smith  Street,  Westminster,  S.W 

1906.  (8S68) 


[Reprinted  from  the  Journal  of  the  Society  of  Chemical 
Industry,  December  31,  1906.    No.  24,  Vol.  XXV.] 


Canadian  Section. 


Meeting  held  at  Toronto,  on  Thursday,  October  25,    1906' 


PROF.   W.    H.    BLU8  IN  THE  CHAIR. 


THE  DETERIORATING  EFFECT  OF  "ACID 
PICKLE"  ON  STEEL  RODS,  AND  THEIR 
PARTIAL  RESTORATION  ON  "  BAKING." 

BT  HERBERT  A.  BAKER  AND  W.  R.  LANG. 

It  is  the  universal  practice  in  wire  manufacture  to 
"  pickle  "  the  steel  rods  in  order  to  remove  the  black  scale 
of  oxide  before  drawing  them  into  wire.  This  has  long 
been  known  to  deteriorate  the  quality  of  the  rods,  but  it 
has  been  found  that,  if  the  rods  are  r<  baked  "  at  260°  F. 
for  some  hours  after  this  treatment,  they  are  in  a  great 
measure  restored,  and  can  then  be  drawn  into  wire. 
The  following  physical  tests  were  made  in  order  to  find 
out  quantitatively  the  amount  of  such  deterioration  and 
subsequent  restoration  of  the  rods.  The  work  was  done 
on  samples  taken  in  the  different  stages  of  the  process  of 
manufacture  at  the  Imperial  Steel  and  Wire  Company's 
plant  at  Collingwood,  Ontario,  at  the  suggestion  of  the 
manager,  Mr.  J.  A.  Currie.  Samples  of  three  different 
coils  of  rods  were  taken  in  the  following  stages : — 
(1)  Before  treatment  with  acid  ;  (2)  after  acid  cleaning ; 
(3)  after  rusting;  (4)  after  lime  coating;  (5)  after 
baking.  Table  I.  shows  the  tensile  strength,  percentage 
elongation  over  8  ins.,  and  percentage  contraction  of  the 
rods ;  the  strength  of  the  bath,  time  immersed,  and  time 
of  baking  are  also  given. 

The  tests  were  made  with  a  Riehl6  machine,  by  the  kind 
permission  and  with  the  assistance  of  the  staff  in  the 
Engineering  Department,  University  of  Toronto.  It  may 
be  observed  that  the  ultimate  strength  remains  through- 
out the  process  as  constant  as  can  be  expected  of  that 
kind  of  test.  The  percentage  elongation  over  8  ins.  rather 
unexpectedly  remains  constant,  but  the  sudden  drop  in 
the  ability  to  contract  to  a  small  "neck,"  before  breaking, 
occurs  immediately  after  acid  treatment,  and  remains 
practically  constant  until  after  "  baking,"  when  a  marked 
recovery  in  this  property  occurs,  the  three  rods  agreeing 
well  in  this  behaviour.  It  is  important  to  note  that  on 
this  property  of  "  necking  in,"  or  contracting  in  area  on 
stretching,  depends  the  property  of  drawing  well  through 
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the  die,  which  is  a  conical  hole  in  a  block  oi  tungsten 
steel. 

This  deterioration  and  recovery  at  the  same  stages  in 
the  process  is  also  well  shown  in  the  following  bending 
tests,  which  corroborate  the  contraction  tests  : — 


Tablx  II. 
Bending  tests  on  the  rods. 

Before     I  After  acid 
treatment.  1  cleaning. 

After 
rusting. 

After  lime 
coating. 

After 
baking. 

Bod  A. 
•>  B. 
»»  c 

100 
100 
100 

70 
00 
71 

64 
66 
66 

64 
67 
53 

100 
99 

100 

These  figures  are  relative,  of  course,  and  express  the 
ability  to  bend  a  certain  number  of  times  through  a 
definite  angle  before  breaking.  They  are  the  result  of 
averaging  eight  or  ten  tests  in  each  case.  The  highest 
number  was  taken  as  100,  and  the  rest  calculated  propor- 
tionately. The  results  show  a  break  in  the  bending 
properties  of  the  rod  immediately  after  acid  treatment, 
and  a  recovery  after  "  baking,"  thus  corresponding  to  the 
effect  on  the  rods  as  indicated  by  the  contraction  tests. 

Shearing  tests  were  also  made,  but  the  differences  were 
so  small  that  no  conclusions  could  be  drawn  from  them. 

An  examination  of  the  wires  of  different  diameters 
drawn  from  these  rods  (correspondingly  marked  A,  B,  C) 
was  also  made  in  the  same  manner : — 


Table  HI. 
Tensile  strength  and  percentage  contraction  of  wires. 

1.  TensUe  strength. 


Wins  A. 


Wires  B. 


Wires  C. 


Diam.  in. 

lb.  per  §q.  In. 
72,000 

lb.  per  §q.  in. 

lb.  per  sq.  in. 
93,700 

(a)      0176 

03,700 

(b)      0142 

112,000 

118,000 

118,900 

(<r)      0-112 

117,800 

122,400 

122,400 

(d)      0*091 

— 

188,400 

181,000 

(«)      0-072 

187,000 

160,000 

160,000 

2.  Percentage 

contraction. 

per  cent. 

per  cent. 

per  cent. 

(a) 

0-176 

62.0 

64 

47 

(ft) 

0-142 

460 

38 

36 

(e) 

0-112 

28*6 

81 

82 

(d) 

0-091 

— 

86 

88 

(«) 

0-072 

20-0 

37 

30 
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It  will  be  observed  that  wires  B  and  C  have  a  higher 
tensile  strength  than  wire  A.  Incidentally  the  increase  of 
tensile  strength  on  drawing  out  will  be  observed.  The 
fall  in  contraction  area  percentage,  as  the  diameter  of 
the  wires  tested  decreases,  is  not  so  great  in  B  and  C  as 
it  is  in  A.  This  means  that  these  wires  could  probably 
be  drawn  through  two  more  dies  before  annealing 
would  be  necessary,  while  wire  A  would,  in  all  likelihood, 
stand  no  more  drawing.  Thus  B  and  C  appear  to  be  the 
better  wires.  The  only  difference  in  the  treatment  of  the 
rods  was  that  rod  A  was  cleaned  in  38  per  cent, 
sulphuric  aoid,  while  rods  B  and  C  were  cleaned  in  10  per 
cent.  acid.  They  were  all  "  baked  "  about  four  hours — 
longer  than  usual — and  are  probably  restored  as  much 
as  possible.  The  results  indicate  that  strong  acid  causes 
an  unnecessary  amount  of  deterioration  in  the  rod,  and 
that  only  weaker  aoid  should  be  employed. 

Table  IV.  gives  the  comparative  bending  abilities  of 
the  wires :  tins  also  would  indicate  that  wires  B  and  C  are 
the  better. 


Table  IV. 
Bending  tests  on  the  wires. 


1 

Wirt  A. 

Wire  B. 

Wiw  C. 

TMam.  in. 

(a)     0*176 

01 

100 

100 

(ft)      0*141 

00 

07 

100 

ie)      0*112 

80 

100 

83 

(<f)      0*001 

— 

100 

80 

'e)      0*072 

88 

100 

04 

Many  superintendents  of  plants  have  attributed  the  de- 
terioration to  the  presence  of  sulphur,  knowing  that  sulphur 
renders  steel  "  cold  short."  This  appears  to  the  authors  to  be 
highly  improbable,  as  careful  analyses  show  no  difference 
in  the  sulphur  content,  which  was  0*051  per  cent,  both 
before  and  after  treatment.  It  seems  much  more  probable 
that  a  "  hydride  "  of  iron  is  formed,  as  has  often  been 
suggested.  Several  tests  confirmatory  of  this  idea  were 
obtained,  but  not  sufficiently  conclusive  for  present 
publication.     The  investigation  is  being  continued. 
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[The  Mechanism  of  the  Oxidation  of  Naphthalene.    I.] 

THE  OXIDATION  OF   NAPHTHALENE  TO   PHTHAL- 
ONIC  ACID  BY  ALKALINE  SOLUTIONS  OF  PER- 
MANGANATE 


BY  R.    ARTHUR   DALY 

In  1894  Tcherniac1  showed  that  naphthalene  may  readily 
be  oxidized  to  phthalonic  acid  by  the  action  of  a  boiling 
solution  of  potassium  permanganate;  and  this  reaction, 
which  gives  a  yield  of  about  80  percent  of  the  theoretical 
amount,  has  ever  since  been  used  as  the  best  method  of  pre- 
paring that  acid.2 

The  molecule  of  phthalonic  acid  contains  but  nine  of.  the 
ten  carbon  atoms  present  in  naphthalene,  the  tenth  (marked 
with  a  star  in  the  formula),  being  oxidized  to  C03  by  the 
permanganate : 

CH   CH  CH   CO 

CH   C     CH  CH   C      COOH 

I        II        I  giving  I        || 

CH   C   *CH  CH    C 

CH   CH  CH   COOH 

Naphthalene  Phthalonic  acid 

It  is  natural  to  suppose,  however,  that  the  phthalonic 
acid,  although  the  product  of  the  oxidation  under  the  con- 
ditions of  the  method  of  preparation,  is  only  the  last  of  a 
number  of  compounds  which  have  been  formed  and  oxidized 
in  turn.  This  supposition  is  supported  by  the  fact  that  both 
a  and  /J-naphthol  on  treatment  with  potassium  permanganate 
are  converted  into  phthalonic  acid;8  and  further  by  the 
existence  of  a  large  number  of  substances  intermediate  in 
composition  between  naphthalene  and  phthalonic  acid,  some 
of  which — like  a-naphtho-quinone4 — may  be  prepared  direct 

1  German  patent  79693,  March  23,  1894. 

2  Graebe  und  Triimpy  :  Her.  chem.  Ges.,  Berlin,  31,  369  (1898). 

3  Henriques  :   Ibid.,  21,  1608  (1888). 

4  Groves  :  Jour.  Chem.  Soc,  26,  209  (1873). 
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from  the  naphthalene  by  treatment  with  suitable  oxidizing 
agents. 

The  experiments  described  in  the  following  pages  were 
undertaken  in  order  to  ascertain,  if  possible,  which  of  the 
numerous  intermediate  compounds  whose  formulas  suggest 
themselves  may  be  regarded  as  actual  stages  in  the  formation 
of  the  phthalonic  acid  from  the  naphthalene,  and  which  may 
not. 

•  As  phthalonic  acid  is  a  ketone,  it  seemed  proper  to 
begin  the  investigation  with  the  corresponding  secondary 
alcohol,  and  hydrocarbon.  These  are  known  as  carboxy- 
mandelic  acid  (existing  in  the  free  form  as  the  inner  anhydride, 
phthalid-carbonic  acid),  and  homophthalic  acid,  respectively. 

CO.COOH  CHOH.COOH  CH2.COOH 

C9H4  CeH4  C9H4 

COOH  COOH  COOH 

Phthalonic  acid.  Carboxy-mandelic  acid.  Homophthalic  acid. 

Neither  of  these  has  been  detected  in  the  product  of  the 
action  of  permanganate  on  naphthalene — it  would  indeed  be 
difficult  if  not  impossible  to  detect  small  quantities  of  them — 
but  this  is  no  proof  that  they  were  not  first  formed  and  then 
oxidized  further. 

Measurements  of  the  rates  at  which  naphthalene,  homo- 
phthalic acid,  and  carboxy-mandelic  acid  are  oxidized  by 
potassium  permanganate  were  accordingly  undertaken,  the 
idea  being  that  if  the  two  last  named  were  really  intermediate 
stages  in  the  formation  of  phthalonic  acid,  they  must  be 
much  more  quickly  oxidized  than  naphthalene  itself,  under 
the  conditions  which  lead  to  a  good  yield  of  phthalonic  acid. 

The  formation  of  phthalonic  acid  from  naphthalene  and 
potassium  permanganate  may  be  represented  by  the  follow- 
ing gross  chemical  equation ; 

C10HH  +  16/3  KMn04  -  C9HA  +  C02  +  H,0  +  16/3  MnO,  +  8/3K20. 

As  will  be  seen  from  this  equation,  the  carbon  dioxide 
formed  in  the  reaction  is  not  enough  to  neutralize  the  potash, 
so  that  the  oxidation  takes  place  in  a  solution  which  gradually 
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becomes  more  alkaline  as  the  reaction  proceeds,  and  whose 
alkalinity  is  apt  to  be  affected  by  the  formation  of  carbon 
dioxide  in  subsidiary  reactions,  for  as  noted  above,  the  yield 
of  phthalonic  acid  is  only  about  80  percent  of  the  theoretical 
amount. 

It  was  necessary,  therefore,  to  see  whether  the  degree  of 
alkalinity  affects  the  rate  of  oxidation  of  the  naphthalene; 
and  preliminary  experiments  were  undertaken  with  this 
object  in  view. 

Five  grams  of  naphthalene  and  25  cc  of  a  decinormal 
solution  of  potassium  permanganate  were  placed  in  each  of 
four  glass-stoppered  bottles,  which  contained,  respectively, 

a  40  cc  of  decinormal  potassium  hydrate 

b  40  cc  decinormal  sodium  bicarbonate  (8.4  grams  per  liter) 

c  40  cc  water 

d  40  cc  decinormal  sulphuric  acid 

All  the  solutions  were  at  the  temperature  of  the  room; 
the  bottles  were  shaken  for  five  hours  and  a  half,  and  then 
the  residual  permanganate  was  determined.  The  analyses 
showed  that  in 


a  14.9  cc  permanganate  had  been  reduced 

b  11. 5  cc 

c    5.7  cc 

d  all  the  permanganate 


<(  t<        <*        << 

41  it  t<  (i 

((  (<  << 


These  figures  prove  that  the  degree  of  alkalinity  of  the 
solution  has  a  very  marked  effect  on  the  rate  of  the  oxidation ; 
all  subsequent  reactions  were  carried  out  in  solutions  con- 
taining sodium  bicarbonate  in  such  large  quantity  that  the 
potash  and  carbon  dioxide  generated  during  the  experiment 
could  not  materially  alter  the  alkalinity  of  the  solution.. 

Method  of  Determining  the  Permanganate 

As  the  solutions  in  which  the  permanganate  was  to  be 
determined  contained  (or  might  contain)  phthalonic  acid, 
and  as  this  substance  is  quickly  oxidized  by  permanganic 
acid,  it  seemed  necessary  to  carry  out  the  analysis  in  such  a 
manner  that  no  acid  was  added  until  the  permanganate  was 
destroyed. 
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A  number  of  blank  experiments  showed  that  satisfactory 
results  could  be  obtained  by  adding  potassium  iodide  to  the 
alkaline  (bicarbonate)  solution,  which  liberates  iodine  and 
precipitates  manganese  dioxide;  and  then  acidifying,  and 
determining  the  iodine  with  fiftieth-normal  thiosulphate. 

This  method  of  working  gives  satisfactory  results  in  the 
presence  of  homophthalic  and  phthalid-carbonic  acids;  but 
if  phthalonic  acid  be  present,  an  error  of  about  1  percent  is 
introduced.  If  the  acid  and  iodide  be  added  simultaneously, 
however,  in  the  form  of  a  solution  containing  0.4  gram  potas- 
sium iodide  2  grams  sulphuric  acid  and  no  cc  water,  the 
results  are  accurate;  and  as  this  second  way  of  working  gives 
good  results  in  the  presence  of  other  acids  as  well,  it  was 
adopted  in  all  cases. 

I.  RATE  OF  OXIDATION  OF  NAPHTHALENE 

Method  of  Working 

Five  grams  of  naphthalene  finely  powdered,  25  cc  deci- 
normal  permanganate,  and  25  cc  of  a  decinormal  solution 
of  sodium  bicarbonate,  were  brought  to  the  temperature  of 
400  C,  mixed  in  each  of  eight  wide-mouthed  glass-stoppered 
100  cc  bottles,  and  shaken  in  a  thermostat  for  periods  varying 
from  30  minutes  to  four  hours  and  a  half. 

As  each  was  removed  from  the  bath,  its  contents  were 
poured  into  a  quarter  liter  measuring  flask  containing  about 
60  cc  of  ice  water,  which  was  then  filled  to  the  mark  with 
water  of  the  temperature  of  the  room.  This  stopped  the 
reaction.  The  dilute  solution  was  filtered  through  ordinary 
analytical  filter  paper,  rejecting  the  first  30  or  40  cc  of  the 
filtrate  to  avoid  error  due  to  the  action  of  the  permanganate 
on  the  paper.  (Hardened  filters  have  less  action  on  the 
permanganate,  but  the  filtration  lasts  longer,  and  blank  ex- 
periments showed  that  the  method  as  described  is  satis- 
factory). 

In  fifty  cubic  centimeters  of  the  filtrate,  the  perman- 
ganate was  determined  as  described  above;  and  in  a  second 
portion  of  50  cc,  the  phthalonic  acid. 
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Determination  of  Phthalonic  Acid 

To  the  fifty  cubic  centimeters  of  the  filtrate,  was  added 
about  50  cc  2  percent  sulphuric  acid,  and  a  few  drops  of  F/10 
manganous  sulphate.1  After  standing  for  two  minutes, 
during  which  the  whole  of  the  phthalonic  acid  is  oxidized  to 
phthalic  acid  and  a  brown  precipitate  is  formed,  the  mixture 
of  potassium  iodide,  sulphuric  acid  and  water  given  on  page 
96  is  added,  and  the  iodine  determined  by  fiftieth-normal 
thiosulphate.  This  method  of  analysis,  for  which  I  am 
indebted  to  Mr.  Boswell,  gives  accurate  results  in  the  presence 
of  homophthalic  and  phthalid-carbonic  acids;  if  the  mixture 
is  let  stand  for  longer  than  two  minutes  before  adding  the 
hydriodic  acid,  however,  a  correction  has  to  be  made  for 
oxidation  of  phthalid-carbonic  acid. 

Method  of  Recording  the  Results  of  the  Analyses 

Let  x  represent  the  number  of  cubic  centimeters  of 
decinormal2  permanganate  reduced  in  alkaline  solution  during 
the  experiment;  and  y  the  additional  number  reduced  in  acid 
solution  by  the  phthalonic  acid  during  the  analysis.  A  is 
the  permanganate  initially  present,  in  the  same  units. 

Then  the  number  of  cubic  centimeters  of  fiftieth-normal 
thiosulphate  used  in  the  permanganate  determination  (page 
96),  divided  by  five,  and  multiplied  by  the  ratio  between  the 
whole  volume  of  the  solution  and  the  part  taken  for  analysis, 
given  A — x\  whence,  if  A  be  known,  x  can  be  obtained. 

The  number  of  cubic  centimeters  of  fiftieth-normal 
thiosulphate  used  in  the  phthalonic  acid  determination 
(page  97),  divided  by  five,  and  multiplied  by  the  volume 
ratio,  gives  A — x — y. 

These  relations  hold  only  if  the  manganese  dioxide  be 
removed  before  the  analyses,  as  prescribed  on  page  96.  In 
certain  cases  this  is  not  possible,  and  the  oxidizing  value 
of  the  dioxide  in  acid  solutions  has  to  be  reckoned  with.  The 
"permanganate    determination"    then   gives   A — o.6x,    and 

1  One-tenth  formula-weight  per  liter. 

*  One-fiftieth  formula- weight  KMn04  per  liter. 
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the  "phthalonic  determination"  gives  A — 0.6* — y.     In  both 
cases  the  difference  between  the  two  determinations  gives  y. 

Results  of  the  Measurements  of  the  Rate  of  Oxidation  of 

Naphthalene 

The  results  of  the  measurements  are  arranged  in  tables, 
at  the  head  of  which  are  given  the  amounts  of  the  various 
reagents  taken,  under  t  is  given  the  duration  of  the  oxidation 
in  hours;  under  A — x  the  residual  permanganate  (calculated 
for  the  whole  bottle  full),  and  under  x  the  permanganate 
reduced,  in  cubic  centimeters  of  decinormal  solution.  In  all 
cases  the  temperature  was  400  C;  the  permanganate  solution 
"Pm,"  and  the  sodium  bicarbonate,1  "Bicarb"  were  deci- 
normal. The  titre  of  the  permanganate  changed  somewhat; 
the  accurate  value  is  given  after  "A." 

Table  I 

Naph.,  5  gram  ;  Bicarb.,  25  cc  ;  Pm.,  25  cc;  A  =  24.9 

.  -        -  -    _-  ..    _- 

t  \      A  —  x      '  x  x/i 

1  .     1  _  

0.5         |       23.1       '         1.8       I       3.6 
1.0        1       21.3  3.6  3.6 


i.75  1  17.4  j  7.5             4-3 

2.33  j  14. 1  10.8  j       4.6 

3-33  1  10.4  j  14.5  j       4.4 

4.5  6.3  !  18.6             4.1 

As  will  be  seen  from  the  table,  the  rate  at  which  the 
naphthalene  is  oxidized  is  as  great  when  the  permanganate  is 
three-quarters  reduced  as  it  is  at  the  beginning  of  the  ex- 
periment. This  suggested  that,  perhaps,  the  manganese 
dioxide  which  is  precipitated  at  the  end  of  the  first  hour  might 
affect  the  rate;  and  a  second  series  of  experiments  was  under- 
taken, in  which  manganese  dioxide  was  added  at  the  beginning. 

The  "manganese  mud"  used  was  prepared  by  mixing 
320  cc  of  decinormal  permanganate,  with  96  cc  of  a  solution 
of  manganous  sulphate  containing  one  formula-weight  MnS04 
in   ten   liters,   and    400  cc   fifth-normal  sodium  bicarbonate 

1  8.4  grams  per  liter. 
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Twenty-five  cubic  centimeters  of  this  mixture  contain  $s 
much  manganese  dioxide  as  would  be  formed  by  the  reduction 
of  25  cc  of  the  permanganate  by  naphthalene,  and  0.75  times 
as  much  sodium  bicarbonate  as  in  25  cc  of  the  ti/10  "bicarb" 
solution.  Special  experiments  showed  that,  in  the  absence 
of  permanganate,  this  "mud"  is  without  action  on  naph- 
thalene. 


Tabi,b  II 
Naph.,  5  gram;  Mangan.  mud,  25  cc;  Pm.,  25  cc;  A 


=  23.1 


1 

2 

3 
4-75 


A-x 
18.57 

4.54 

x/t 

4.5 

A  —  x-y 
18.6 

y 

0.35 

13:84 

9.27 

4.6 

13.5 

0.62 

9.62 

13.48 

4.5 

8.95 

0.85 

4.26 

18.84 

4.0 

3.2 

1.15 

4©y/3 


4.66 

8.3 
"•3 
15.3 


In  these  experiments  the  rate,  x/t,  is  much  more  con- 
stant than  in  those  of  Table  I,  in  particular,  the  increase 
after  the  first  hour  has  disappeared.1  The  addition  of  the 
mud  has  therefore  simplified  matters,  and  it  has  been  added 
in  all  subsequent  experiments. 

The  Product  of  the  Oxidation  of  the  Naphthalene  in  the 

Experiments  of  Table  II 

Under  A — x — y,  in  column  5  of  Table  II,  is  entered  the 
amount  of  permanganate  left  after  acidifying  the  filtrate  and 
standing  for  two  minutes,  as  described  under  "determination 
of  phthalonic  acid"  on  page  97.  The  difference  between  the 
second  and  fifth  columns  therefore  gives  the  amount  of  per- 
manganate reduced  in  the  acid  solution,  presumably  by 
phthalonic  acid. 

If  the  reaction  between  naphthalene  and  permanganate 
in  alkaline  solution  takes  place  according  to  the  equation 
given  on  page  94,  then  for  every  mol  of  naphthalene  oxidized, 

1  A  number  of  experiments  were  made  to  study  the  effect  of  the  concen- 
tration of  the  permanganate  on  the  rate  of  oxidation  of  naphthalene.  As  this 
matter  is  apart  from  the  main  purpose  of  the  present  paper  the  results  are  not 
given  here. 


ioo  R.  Arthur  Daly 

one  mol  of  phthalonic  acid  will  be  formed,  and  16/3  mol 
permanganate  or  80/3  liters  of  normal  solution  will  be  re- 
quired. 

The  oxidation  of  phthalonic  acid  to  phthalic  acid,  how- 
ever, as  carried  out  in  the  analyses,  takes  place  in  acid  solu- 
tion, according  to  the  equation: 

C9H606  +  2/5  KMn04  +  3/5  H2S04  =  1/5  K,S04  +  2/5  MnS04  + 

3/5  H20  -1   C8H604 

Thus  every  mol  of  phthalonic  acid  oxidized  by  the  acid 
permanganate  reduces  2/5  mol  of  the  latter,  or  two  liters  of 
normal  solution.  From  these  calculations  it  appears,  that  if 
the  naphthalene  be  oxidized  to  phthalonic  acid  in  the  alkaline 
solution,  and  if  the  subsequent  reduction  of  the  permanganate 
in  acid  solution  is  due  exclusively  to  the  phthalonic  acid  so 
formed,  then  for  every  cubic  centimeter  reduced  in  acid 
solution  40/3  cc  must  have  disappeared  in  the  alkaline  solu- 
tion. The  last  column  of  Table  II  gives  the  values  of  40J//3, 
and  it  will  be  seen  that  they  agree  very  closely  in  value  with 
those  of  xy  the  permanganate  reduced  in  the  alkaline  solution. 
In  each  case  the  phthalonic  acid  formed  in  a  little  less  than 
that  corresponding  to  the  naphthalene  oxidized;  but  this  is 
only  what  might  be  expected,  as  even  in  alkaline  solution  the 
phthalonic  acid  is  slowly  acted  on  by  permanganate. 

The  agreement  between  the  numbers  in  the  third  and 
seventh  columns  of  the  table  thus  shows  that  the  main  product 
of  the  oxidation  in  alkaline  solution,  under  the  conditions  of 
my  experiments,  is  phthalonic  acid. 

II.  RATE  OF  OXIDATION  OF  HOMOPHTHALIC  ACID 

The  experiments  were  carried  out  in  the  same  manner  as 
those  with  naphthalene;  homophthalic  acid  solution  was 
made  up  by  neutralizing  1  gram  of  the  acid  with  sodium 
bicarbonate,  and  making  up  the  volume  to  100  cc  with  water. 

Table  III 
Homoph.  sohi.,  ,s  cc ;  Mud,  20  cc ;  Pm.,  25  cc;  A  --  23.2 

/  A  —  x  x  A  —  x  —  y  y  '         10^/3 


/ 

22. 5 

O.7 

22.4 

1 

0.1 

0.33 

2 

22.1 

1.1 

2I.98 

t 

0.12 

O.4 

3 

2I.65 

I.65 

*i-5 

\ 

0.\*> 

^         O.5 
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The  homophthalic  acid  present  was  enough  to  reduce 
about  19  cc  of  the  permanganate  in  alkaline  solution,  if  it 
itself  were  oxidized  to  phthalonic  acid. 

Two  points  are  to  be  noticed  in  the  results  of  these  de- 
terminations. In  the  first  place,  the  yield  of  phthalonic  acid 
is  only  half  or  one-third  of  that  corresponding  to  the  per- 
manganate reduced  by  the  homophthalic  acid,  as  may  be  seen 
by  comparing  the  numbers  under  x  with  those  under  ioy/3. 
This  discrepancy  may  possibly  be  due  in  part  to  the  difficulty 
of  determining  such  small  quantities  with  accuracy,  but  is 
nevertheless  worth  noting. 

The  second  point  is  the  extreme  slowness  with  which  the 
homophthalic  acid  is  acted  on  by  the  permanganate.  As  it 
seemed  possible  that  this  oxidation  might  be  accelerated  by 
the  simultaneous  oxidation  of  naphthalene,  after  the  manner 
of  the  "  induced  reactions/ '  a  parallel  series  of  experiments 
was  carried  out  in  which  both  naphthalene  and  homophthalic 
acid  were  oxidized  together,  and  the  amount  of  homophthalic 
acid  acted  on  was  arrived  at  by  subtracting  the  permanganate 
reduced  by  the  naphthalene  as  determined  in  Table  II.  The 
results  of  these  experiments  and  calculations,  which  are 
naturally  strongly  affected  by  the  unavoidable  errors  of  manip- 
ulation and  method,  were  in  full  accord  with  those  of  Table 
III,  and  showed  clearly  that  the  simultaneous  oxidation  of 
naphthalene  causes  no  acceleration  in  the  oxidation  of  homo- 
phthalic acid. 

According  to  the  experiments  of  Table  II,  13.48  cc  of 
permanganate  are  reduced  in  three  hours  by  naphthalene, 
which  itself  is  converted  almost  quantitatively  into  phthalonic 
acid.  If  homophthalic  acid  were  one  of  the  intermediate 
products,  enough  must  have  been  formed  to  reduce  one- 
quarter  of  13.48,  or  3.37  cc  of  permanganate  on  its  subse- 
quent oxidation  to  phthalonic  acid.  The  experiments  of 
Table  III  show,  however,  that  even  with  a  relatively  high 
concentration  of  homophthalic  acid,  less  than  half  that 
amount  is  oxidized  in  the  three  hours.  They  thus  definitely 
exclude  the  possibility  that  homophthalic  acid   is  one  of  the 
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intermediate  compounds  produced  during  the  oxidation  of 
naphthalene  to  phthalonic  acid  by  potassium  permanganate. 

HI.  RATE  OF  OXIDATION  OF  o-CARBOXY-MANDELIC  ACID 

A  solution  of  the  sodium  salt  of  this  acid  was  prepared 
by  neutralizing  i  gram  of  phthalid-carbonic  acid  with  sodium 
bicarbonate,  and  making  up  to  ioo  cc  with  water.  Five  cubic 
centimeters  of  this  solution  would  require  9.95  cc  of  my  per- 
manganate to  oxidize  it  in  alkaline  solution  to  phthalonic  acid. 

Table  IV 
Carbox.  soln.,  5  cc;  Mud,  20  cc;  Pm.,  25  cc;  A  =  23.1 


A  —  x 


0.9 
1.9 

2.5 
3-o 
3.95 
4-65 


Carbox.  soln.,  10  cc; 


A  —  x 


0.5 

22.2 

1.0 

21.2 

1.75 

20.6 

2.5 

20.I 

3.5 

19.15 

4.5 

18.45 

A—x  —y 

y 

21.8 

0.4 

20.35 

0.85 

18.25 

2.35 

18.3 

1.8 

17.0 

2.15 

15.9 

2.55 

.57/3 

0.66 

1.4 

2.25 

3.0 

3.6 

4.25 

Table  V 
Mud,  15  cc;  Pm.,  25  cc;  A  ■ 


K 


0.082 
0.092 
0.072 
0.062 
0.062 
0.062 


0.5 

21.23 

1-25 

19.24 

2.25 

17.2 

3.37 

15.38 

2.4 

4.39 

6.43 

8.25 


A  —  z  —  y 

19.5 
16.62 

I3-0 
IO.42 


I.65* 
2.62 
4.2* 
4.96 


57/3 

2.75 
4.36 
7.0 

8.25 


23.63 
K 


O.I2 
O.086 
0.075 
0.064 


The  values  of  K  in  the  last  columns  of  Tables  IV  and  V 
have  been  calculated  from  x  and  /  by  the  formula 


K  =  \og 


B 


10 


B  —  x 


in  which  B  is  the  amount  of  permanganate  equivalent  to  the 
carboxy-mandelic  acid  initially  present;  that  is,  9.95  in  Table 
IV,  and  19.9  in  Table  V. 

The  agreement  between  5^/3  and  xt  shows  that  the 
product  of  oxidation  of  the  carboxy-mandelic  acid  is 
phthalonic  acid;  and  the  agreement  between  the  values  of  K  in 
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the  two  tables  shows  that  the  rate  of  oxidation  is  proportional 
to  the  concentration  of  the  carboxy-mandelic  acid.  The 
decrease  of  K  as  the  reaction  proceeds  is  due,  no  doubt,  to 
the  fall  in  concentration  of  the  permanganate,  while  the 
irregular  values  of  y  in  Table  V,  which  are  marked  by  an 
asterisk,  are  due  to  two  faulty  analyses  in  which  the  acidified 
solution  was  let  stand  longer  than  two  minutes  before  adding 
the  hydriodic  acid  (see  page  97). 

As  in  the  case  of  the  homophthalic  acid,  a  series  of 
measurements  was  carried  out  to  see  whether  the  simultaneous 
oxidation  of  naphthalene  accelerated  the  action  of  perman- 
ganate on  the  carboxy-mandelic  acid.  This  was  found  not  to 
be  the  case. 

These  results  in  connection  with  those  of  Table  I,  are 
sufficient  to  show  that  carboxy-mandelic  acid  can  not  be  one 
of  the  intermediate  substances  formed  during  the  oxidation 
of  naphthalene  to  phthalonic  acid. 

In  three  hours  naphthalene  reduced  13.48  cc  of  perman- 
ganate; if  carboxy-mandelic  acid  were  formed,  one-eighth  of 
the  13.48  cc,  or  1.69  cc  of  the  permanganate  must  have  been 
employed  to  oxidize  the  latter  to  phthalonic  acid.  In  the 
experiments  of  Table  IV,  about  3.5  cc  of  permanganate  were 
reduced  in  the  same  time,  and  in  Table  V,  about  7.0  cc.  At 
first  sight,  therefore,  the  intermediate  formation  of  carboxy- 
mandelic  acid  seems  possible;  closer  inspection,  however, 
shows  that  this  is  not  the  case.  In  the  naphthalene  experi- 
ments (Table  II),  4.5  cc  of  permanganate  were  reduced  per 
hour,  which,  on  the  hypothesis  under  consideration,  means 
that  0.56  cc  of  permanganate  per  hour  are  reduced  by  carboxy- 
mandelic  acid.  As  the  rate  of  oxidation  of  the  latter  is  pro- 
portional to  its  concentration  in  the  solution,  'it  follows  (from 
Table  V)  that  the  amount  constantly  present  in  the  50  cc, 
must  be  equivalent  to  0.56/1.9X9.3=2.7  cc  permanganate. 
To  form  this  much  of  the  carboxy  acid  from  naphthalene 
would  require  18.9  cc  permanganate;  and  until  this  amount  of 
permanganate  had  been  reduced,  the  formation  of  phthalonic 
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acid  could  not  take  place  at  the  rate  observed.  In  point  of 
fact,  however,  the  rate  4.5  cc  per  hour  is  attained  in  the  very 
first  hour,  when  not  one-quarter  of  18.9  cc  permanganate 
has  been  reduced,  so  that  the  hypothesis  that  carboxy- 
mandelic  acid  is  one  of  the  intermediate  substances  formed 
during  the  oxidation  of  the  naphthalene  must  be  definitely 
rejected. 

IV.  RATE  OF  OXIDATION  OF  o-CARBOXY-BENZOYL- 

ACETIC  ACID 

Having  thus  shown  that  the  substances  which  stand  in 
the  closest  relation  to  phthalonic  acid  can  not  be  considered 
as  intermediate  stages  in  its  formation  from  naphthalene,  I 
took  up  the  study  of  0-carboxy-benzoylacetic  acid,  and  then 
made  a  few  experiments  with  the  two  naphthoquinones,  both 
of  which  I  find  are  readily  oxidized  to  phthalic  acid  by  per- 
manganate in  acid  solution,  and  one  of  which  has  been  pre- 
pared from  naphthalene  by  the  action  of  chromic  acid. 

Table  VI 
Phthal.-acet.  acid,  0.0100  gram;  Bicarb.,  0.15  normal,  25   cc; 

Pm.,  25  cc;  A  =  24 


* 

A  —x 

_ 

V 

A—x  —  y 

y 

0.25 

19.90 

4.9 

18.85 

1.05 

0.50 

19.30 

5.5 

18.20 

1. 10 

1. 00 

19.40 

5-4 

18.35 

1.05 

2.00 

19.48 

5.3 

18.45 

1.03 

3.00 

18.80 

6.0 

17-75 

1.05 

The  0.0100  gram  of  phthalyl-acetic  acid  (inner  anhydride 
of  the  o-carboxy  acid)  employed  in  the  experiments,  would 
require  5.3  cc  decinormal  permanganate  to  oxidize  it  to 
phthalonic  acid  in  alkaline  solution ;  and  the  phthalonic  acid 
so  formed  would  be  further  oxidized  in  acid  solution  to  phthalic 
acid  by  1.06  cc  of  the  permanganate. 

As  Table  VI  shows,  these  amounts  of  permanganate  were 
reduced  in  the  first  half  hour ;  so  far  as  these  rate  measurements 
go,  then,  o-carboxy-benzoylacetic  acid  may  be  regarded  as 
one  of  the  intermediate  stages  in  the  oxidation  of  naphthalene ; 


Oxidation  of  Naphthalene  to  Phthalonic  Acid 


105 


but  neither  homophthalic  nor  0-carboxy-mandelic  acid  can  be 
formed  during  the  oxidation  of  0-carboxy-benzoylacetic  acid 
to  phthalonic. 

V.  RATE  OF  OXIDATION  OF  ^-NAPHTHOQUINONE 

The  /J-quinone  is  slightly  soluble  in  decinormal  sodium 
bicarbonate,  giving  a  dark  red  solution  from  which  it  cannot 
be  extracted  by  ether;  after  acidifying,  however,  the  naphtho- 
quinone may  be  ethered  out,  unchanged. 

The  solution  in  bicarbonate  is  very  dilute;  and,  in  con- 
sequence, the  amount  of  permanganate  reduced  was  small. 
It  was  therefore  decided  to  dispense  with  filtration  in  making 
the  analyses,  for  fear  that  the  error  due  to  the  action  of  per- 
manganate on  the  paper  might  be  large  enough  to  affect  the 
result. 

Table  VII 
Quid,  soln.,  30  cc;  filtrate  from  "mud,"  10  cc;  Pm.,  10 cc;  A  =  10 


0.25 
0.50 

o.75 
1.0 


A  —  o.6x 

8.6 

8.45 
8.4 

8.35 


A  —  0.6*  —  y 


7.61 
7.5 


2.3 
2.6 

2.7 
2.7 


57/3 


1.32 
1.42 


As  will  be  seen  from  the  table,  the  amount  of  oxygen 
needed  to  oxidize  the  quinone  in  alkaline  solution,  (x),  is 
just  double  that  required  to  oxidize  the  product  of  that 
oxidation  to  phthalic  acid  (5^/3).  In  other  experiments,  in 
which  the  quinone  was  shaken  with  sodium  bicarbonate 
solution  and  permanganate,  the  values  of  5J//3  were  about 
one-third  those  of  x.  These  numbers  cannot  be  reconciled 
with  the  hypothesis  that  phthalonic  acid  is  the  product  of  the 
oxidation  of  the  quinone;  they  suggest  rather  the  formation 
of  the  diketo-dibasic  acid  C,H4(CO.COOH)2.  No  account  of 
this  substance  can  be  found  in  the  literature ;  and  attempts  to 
prepare  it,  by  acting  on  phthalyl  chloride  with  potassium 
or  mercuric  cyanides  and  saponifying  the  nitrile,  have  not  as 
yet  led  to  the  desired  result. 
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VI.  RATE  OF  OXIDATION  OF  ^-NAPHTHOQUINONE 

To  convert  one  mol  of  the  quinone  to  phthalonic  acid 
requires  five  atoms  of  oxygen,  and  a  sixth  is  necessary  to 
complete  the  oxidation  to  phthalic  acid.  For  every  cubic 
centimeter  of  permanganate  reduced  in  acid  solution,  25/3 
should  be  reduced  in  alkaline. 

Table  VIII 
Quinone,  0.0166  gram;  Bicarb.,  25  cc;  Pm.,  25  cc;  A  =  24.80 


A-x 


A—x  —  y 


25^/3 


y  calc. 


x  calc. 


O.25      II.75        13.05  9.70  2.05  1 7. 1  2.IO  17.5 

As  the  quinone  is  insoluble  in  the  bicarbonate  solution, 
it  is  possible  that  part  of  it  became  coated  with  dioxide, 
and  was  thus  protected  from  oxidation  until  acid  was  added, 
which  would  account  for  %  being  less  than  25^/3.  This  ex- 
periment, therefore,  leaves  it  quite  possible  that  a-naphtho- 
quinone  is  a  stage  in  the  oxidation  of  naphthalene  to  phthalonic 
acid;  while  the  rapidity  of  the  oxidation  precludes  the 
possibility  of  either  homophthalic  or  0-carboxy-mandelic 
acids  being  stages  in  the  oxidation  of  the  quinone. 

CONCLUSION 

The  experiments  described  in  this  paper  are  of  interest 
as  laying  the  foundation  of  a  method  for  studying  the  mechan- 
ism of  complex  organic  reactions. 

In  the  special  case  selected  for  study,  they  show  con- 
clusively that  homophthalic  acid  and  carboxy-mandelic  acid 
are  not  intermediate  stages  in  the  formation  of  phthalonic 
acid  by  the  action  of  alkaline  solutions  of  potassium  perman- 
ganate on  naphthalene,  on  phthalyl  acetic  acid,  or  on  the 
naphthoquinones;  ^-naphthoquinone  is  probably  not  an 
intermediate  stage  in  the  oxidation  of  naphthalene,  while 
o-carboxy-benzoylaeetic  acid  and  a-naphthoquinone  may  be. 

In  conclusion,  my  thanks  are  due  to  Prof.  W.  Lash 
Miller  at  whose  suggestion  this  research  was  undertaken,  and 
under  whose  supervision  it  was  carried  out. 

University  of  Toronto \ 
December,  1906. 


THE  REACTION  BETWEEN  BROMIC,  HYDRIODIC  AND 

ARSENIOUS   ACIDS,  AND  THE  "INDUCTION"  BY 

HYDROGEN    BROMIDE    OF    THE    REACTION 

BETWEEN  BROMIC  AND  ARSENIOUS  ACIDS 


BY  FRED  C.  BOWMAN 

The  reduction  of  bromates  by  bromides  or  iodides  in  acid 
solution  has  been  studied  by  Ostwald,1  Burchard,2  Meyer- 
hoffer,3  Scott  and  Noyes,4  Magnanini,5  Judson  and  Walker,6 
Schilow,7  and  lastly  by  Mr.  R.  H.  Clark.8  The  net  result  of 
these  researches  is  that  the  rate  is  proportional  to  the  first 
power  of  the  concentration  of  the  bromate,  the  first  power 
of  that  of  the  bromide  or  iodide,  and  the  second  power  of  that 
of  the  acid. 

The  ordinary  chemical  equations  for  the  reactions  of  the 
bromate  with  the  bromide  and  iodide  are: 

KBrOs  +  5KBr  +  3H2S04  =  3K,SO,  +  3Br2  +  3H20 

KBrO.,  +  6KI    +  3H2S04  =  3K2S04  +  3I2     +  3H20  +  KBr    y  } 

or  in  the  ionic  notation  : 

BrO'8  +  9Br'  -}  6H*  =  Br'  +  3Br's  n   3H70 

BrO',+  9I'     +6H-  =  Br'  +  3l',    +  3H20  W 

Since  these  do  not  square  with  the  kinetic  hypothesis, 
which  demands  equations  of  the  form 

BrO'3  +  Br'  +  2W  =  (products  of  the  reaction)  (3) 

resort  has  been  had  to  the  usual  method  of  "explaining'* 
discrepancies  between  theory  and  practice  in  kinetic  measure- 
ments, by  assuming  the  temporary  existence  of  hypothetical 

1  Zeit.  phys.  Chem.,  2,  127  (1888). 

2  Ibid.,  2,  796  (188S). 

3  Ibid.,  2,  585  (1888). 

4  Ibid.,  18,  128  (1895). 

5  Gazz.  chim.  Ital.,  20,  390  ( 1890). 

6  Jour.  Chem.  Soc,  73,  410  ( 1898). 

7  Zeit.  phys.  Chem.,  27,  512  ( 1898);  42,  641  (  1903;. 
"Jour.  Phys.  Chem.,  10,  679  (1906). 
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intermediate  compounds,  such  as  the  HBrO  and  HBr02  of 
the  following  equation. 

BrO'8  +  Br'  +  2H  •  =  HBr02  +  HBrO 

BrO',  +1     +  2H    =  HBr03  +  HIO  U) 

Independent  evidence  of  the  formation  of  these  inter- 
mediate acids  would,  of  course,  be  very  welcome;1  and  even 
the  confirmation  by  experiment  of  conclusions  based  on  the 
assumption  that  they  exist  would  be  of  value. 

One  such  conclusion  has  been  drawn  by  Luther,2  who 
points  out  that  compounds  which  ex  hypothesi  react  quickly 
with  certain  reducing  agents,  may  naturally  be  expected  to 
react  quickly  with  others;  and  suggests  that  new  cases  of 
chemical  induction  are  apt  to  be  found  by  a  study  of  the 
reactions  whose  kinetic  equations  lead  to  the  assumption  of 
such  hypothetical  "primary"  products. 

The  only  induced  reaction  in  which  bromic  and  hydro- 
bromic  acids  are  known  to  take  part,  is  that  in  which  arsenious 
acid  acts  as  acceptor;  and,  in  accordance  with  the  view  just 
set  forth,  the  induction  is  ascribed — both  by  Luther  and  by 
Schilow  who  discovered  the  reaction — to  the  oxidation  of  the 
arsenious  acid  by  the  hypothetical  primary  products  of 
Equation  4. 

It  is  not  necessary,  however,  to  have  recourse  to  these 
hypothetical  acids  in  order  to  account  for  the  results  of  Schilow  Js 
measurements.  The  bromine  liberated  by  the  oxidation  of 
the  hydrogen  bromide  (Equation  1)  acts  instantaneously  on 
arsenious  acid,  and  all  the  experimental  data  are  in  full  accord 
with  the  assumption  that  the  "  induced  "  oxidation  of  arsenious 
acid  is  due  to  this  action  alone.3  There  are  thus  two  ex- 
planations of  Schilow's  measurements  available.  The  first 
of  them  is  in  accordance  with  the  explanation  offered  for  the 
kinetics  of  the  reaction  between  bromic  and  hydrobromic 
acids,  and  at  first  sight  seems  to  afford  it  independent  support ; 
but  the  second  accounts  for  all  that  is  known  of  the  induction 


1  Ostwald  :   Lehrbuch  II,  (2)  243  (1902) 
*  Zeit   pliys.  Cliem.,  46,  817  ( 1903). 
:'  Ibid.,  42,  670  (1903). 
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without  the  assumption  of  any  hypothetical  mechanism  what- 
ever. 

In  order  to  throw  more  light  on  the  matter,  I  have  studied 
the  oxidation  of  arsenious  acid  in  solutions  containing  bromic 
and  hydriodic  acids.  In  this  case,  the  final  product — iodine — 
does  not  react  instantaneously  with  the  arsenious  acid,  but 
slowly,  according  to  known  laws;  so  that  if  any  arsenious  acid 
were  oxidized  by  the  hypothetical  intermediate  acids,  or  in 
any  other  way  than  by  the  iodine  formed  in  the  reaction,  the 
fact  could  be  established,  and  the  amount  ascertained.  My 
work  has  been  much  facilitated  by  the  circumstance  that  the 
reaction  between  bromic  and  hydriodic  acid  and  that  between 
arsenious  acid  and  iodine  have  already  been  studied  in  this 
laboratory  by  Mr.  Clark1  and  Mr.  Roebuck2  respectively.  This 
has  enabled  me  to  plan  my  experiments  so  that  very  little 
arsenious  acid  was  oxidized  by  the  iodine;  any  action  of  the 
hypothetical  oxyacids  would  therefore  readily  be  detected. 

The  reaction  was  carried  out  in  a  thermostat  at  o°too.2°; 
the  burettes  and  pipettes  were  calibrated  by  myself,  and  the 
solutions  of  arsenious  acid,  potassium  iodide,  potassium 
bromate,  iodine  and  sodium  thiosulphate  were  made  from 
pure  chemicals  and  standardized  in  the  usual  way.  The 
iodide  in  the  iodine  solution  was  allowed  for  in  calculating 
the  concentration  of  the  iodion. 

In  the  tables  and  in  the  calculations,  the  amount  of  each 
reagent  is  expressed  in  cubic  centimeters  of  hundredth-normal 
solution.  Thus  the  number  after  KBrOz  multiplied  by 
!/6  X  167.  i  X  10-5  gives  the  number  of  grams  of  potassium 
bromate ;  the  number  after  KI  multiplied  by  3/2  X  166  X  io~~5 
gives  the  number  of  grams  of  potassium  iodide;  the  number 
after  KBr  multiplied  by  %  X  11 9.1  X  io~5  gives  the  number 
of  grams  of  potassium  bromide;  the  number  after  H^SOv 
multiplied  by  V2  X  98.08  X  io-5  gives  the  number  of 
grams    of    sulphuric    acid;     the     number     after     /     multi- 


1  Jour.  Phys.  Chem.,  io,  679  ( 1906). 

2  Ibid.,  6,  365  (1902);  9,  727  (1905). 
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plied  by  126.85  X  icf5  gives  the  number  of  grams  of  free 
iodine,  and  that  after  As209  multiplied  by  l/4  X  198  X  io~~5 
the  number  of  grams  of  arsenious  acid.  After  Vol.  is  given 
the  volume  in  liters  in  which  these  amounts  of  the  reagents 
were  dissolved. 

The  duration  of  the  reaction,  in  minutes,  is  stated  under 
t\  the  number  of  grams  of  bromate  reduced  may  be  found  by 
multiplying  the  number  under  x  by  l/,  X  167.1  X  io~~5; 
and  the  number  of  grams  of  arsenious  acid  oxidized  to  arsenic 
acid,  by  multiplying  the  number  under  y  by  l/4  X  198  X  io~~5. 
In  solutions  containing  both  bromate  and  arsenious  acid, 
therefore,  the  quantity  of  free  iodine  in  the  solution  is  rep- 
resented by  x  -  y. 

The  measurements  fall  naturally  into  three  series. 

Series  L  The  Effect  of  Arsenious  Acid  on  the  Reaction 
between  Bromic  and  Hydriodic  Acids 

First  of  all  it  was  necessary  to  know  whether  addition 
of  arsenious  acid  affects  the  rate  at  which  bromic  acid  is 
reduced  by  hydrogen  iodide.  For  this  purpose  parallel  sets 
of  measurements  were  made,  one  in  the  presence  of  arsenious 
acid  and  one  in  its  absence,  all  the  other  reagents  being  of 
the  same  concentrations  in  both. 

The  solutions  of  potassium  bromate,  potassium  iodide 
and  sulphuric  acid  were  mixed  in  a  large  stoppered  bottle, 
and  at  intervals  samples  were  pipetted  out,  rendered  alkaline 
with  ammonium  bicarbonate,  and  titrated  with  centinormal 
arsenious  acid.  The  measurements  are  recorded  in  Tables 
I,  II  and  III. 

From  each  pair  of  numbers  (x,  t)  so  obtained,  the  value  of 
the  constant  Kx  of  the  equation1 

dxldt  =_  KXKBrO,  —  x)(K/—x)(//.iSOi  —  xy{Vo/)-t        (5) 

was  calculated  as  follows.  A  curve  was  plotted  on  section 
paper  with  x  and  the  right  hand  member  of  Equation  5  as 
coordinates,  and  the  areas  under  the  curve  were  measured. 
For  each  value  of  x  the  corresponding  value  of 


1  Clark  :  loc.  cit. 
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K^Vol)-*  C  dijdx.dx  =  K/CVol) 


(6) 


was  thus  obtained;  and  from  this  the  value  of  Kx  itself,  by- 
division  by  (Vol)~3  t.  This  method,  which  was  suggested 
by  Prof.  Lash  Miller,  is  perhaps  the  easiest  way  to  determine 
K  from  a  series  of  values  of  x  and  tt  when  the  form  of  the 
differential  equation  is  known. 


Table  I 

Table 

II 

KBr08 

.  199;  KI, 

1984;  H,S04, 

KBrO, 

»,  199;  KI, 

1984; 

H,S04, 

2000;  Vol. 

,  0.600 

4000;  Vol. 

,  0.600 

(75  cc  titrated) 

(75  cc  titrated) 

/ 

1 

1    x  in  75  cc 

1          _    __ 

1 

t 

j    x  in  75  cc 

1           _       

» 

K, 

X  10" 

6 

;      4.68 

974 

3 

1          740 

i 

805 

19 

u.76 

989 

6 

12.37 

825 

30 

15.50 

\          997 

9 

15.73 

! 

807 

40 

;     17.92 

997 

12 

1        18.18 

1 

i 

809 

50 

1       J9-58 

,          945 

15 

19.87 

1 

i 

809 

60 

,       20.73 

969 

18 

21.25 

1 

I 

823 

7o 

21.77 

980 

21 

!        22.15 

i 

798 

80 

22.48 

982 

Average 

810 

90 

!       22.82 

930 

100 

23.68 

104 1 

Av 

erage     980 

Table  III 
KBr03,  199;  KI,  3968;  HaS04,  2000;  Vol.,  0.600 

(75  cc  titrated) 


5 
10 

15 
20 

25 
30 


x  in  75  cc 


K,  V  10 


'    »^»5 


6.95  928 

TI.52  905 

I4.84  9O3 

17.28  90I 

19.17  909 

20.42  909 

Average  909 
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Comparison  of  Tables  I,  II  and  III  with  Tables  VIII,  IX  and  X 


/ 

X 

^Xio14  j 

/ 
3 

X 

1 

K,  X  io» 

I 
4.68 

VIII 

I 
974 

VIII 

II 
7.40 

IX 
7.45 

II 
805 

IX 

6 

4.82 

828 

12 

(8.41)  j        8.34 

— ' 

— 

6 

12.37 

12.07 

825 

797 

18 

(H.25)  1     II. 13 

— 

— 

9 

15.73 

15.44 

807 

789 

24 

(I3.62)|     I3.59 

1 

12 

18.18 

17.99 

809 

793 

30 

I5.50     1     I5.31 

997 

977 

15 

19.87 

19.81 

809 

796 

36 

(16.98)        16.88 

— 

— 

18 

21.25 

21.05 

823 

783 

42 

18.28 

18.38 

^^— 

1 
1 

21 

22.15 

22.63 

798 

— 

Average1  980 

984 ' 

Average 

810 

798 

/ 

!                                                        I 
X 

K,  X  10" 

III 

X 

III    :    X 

5 

6.95 

7.08 

928      — 

10       11.52 

11.75 

905 

935 

15       14-84 

14.90       903 

909 

20       17.28 

17.43  !  901 

917 

25       19.17 

19.15    909 

901 

30       20  42 

20.55    909 

911 

Av 

erage 

909 

911 

When  arsenious  acid  is  present  (Tables  VIII,  IX  and  X)  the 
kinetic  equation  must  be  modified  somewhat,  because  of  the 
regeneration  of  acid  and  iodide  by  the  action  of  iodine  on 
arsenious  acid: 

HAsO,  +  I,  +  H20  =  H  As04  +  2HI  (7) 

The  amount  of  iodide  present  at  any  moment   is  thus  no 
longer  represented  by  KI — x,  as  in  Equation  5,  but  by  KI — 

x — yy  where  y  is  the  number  of  units  of  arsenious  acid  oxidized ; 
similarly  the  acid  present  at  any  moment  is  given  by  H£0A — 

x — y.     Thus  the  kinetic  equation  becomes: 


dx\dt  =  k\(KBrO,  —  x)(KI—x—y)(H2SO—x—y)\Vol)-?>     (8) 

As  in  my  experiments  both  KI  and  HiSOi  were  large  in 

comparison  with  x  and  y,  the  terms  KI — x — y  and  H^S04 — 
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x — y  were  nearly  constant,  and  it  was  found  convenient  to 
replace  them  by  their  "effective  averages"  determined  as 
follows  at  the  suggestion  of  Mr.  R.  E.  DeLury.1  A  curve 
was  plotted  with  x — y  as  ordinates  and  t  as  abscissae,  using 
the  values  found  by  experiment.  The  area  under  this  curve 
between  t  =  o  and  t  =  t',  divided  by  V \  is  the  "effective 
average"  of  x — y  from  the  beginning  of  the  experiment  to  the 
moment  tv  This  function  may  be  written  X — Y ,  and  is  defined 
by  the  relation : 


1 


X-  Y=  *  \  x-y  dt  (9) 

Introducing  these  "effective  averages"  into  Equation  8, 
and  integrating : 

K/(K/-X-  Y)(/f2SO-X-  Yy  (  Vol)-*  =  log  nat  K^^±TX 

8  (10) 
The  values  of  Kx  entered  in  Tables  VIII,  IX  and  X  were  calcu- 
lated from  x  and  t  by  means  of  this  equation. 

The  values  of  Kt  so  obtained  from  experiments  in  which 
arsenious  acid  was  present  and  from  others  in  which  it  was  not, 
are  collected  after  Table  III;  the  comparison  shows  clearly  that 
the  rate  at  which  bromic  acid  is  reduced  by  hydriodic  acid  is 
not  affected  by  the  presence  of  arsenious  acid,  and  that  the 
slight  apparent  acceleration  is  due  to  the  formation  of  acid 
and  iodide  which  accompanied  the  oxidation  of  the  arsenious 
acid. 

Series  II.  The  Oxidation  of  Arsenious  Acid  by  Iodine  and  the 
Effect  of  Hydrobromic  Acid  on  the  Rate  of  this  Reaction 

The  rate  of  the  reaction  between  arsenious  acid  and  iodine 
has  been  thoroughly  studied  by  Roebuck;  but  as  my  experi- 
ments were  made  with  concentrations  outside  the  range  of 
Roebuck's  measurements,  I  thought  it  better  to  undertake 
a  new  series  of  my  own,  rather  than  rely  on  an  extrapolation 
from   his   tables.     New   measurements   were   also  needed   to 


1  See  Jour.  Phys.  Chem.,  10,  423  (1906). 
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ascertain  what  effect,  if  any,  the  presence  of  bromides  might 
exert  on  the  rate. 

The  solutions  were  mixed  in  a  stoppered  bottle,  and  at 
intervals  a  sample  was  pipetted  out  and  analyzed.  The 
method  of  analysis  was  that  used  by  Roebuck,  viz.,  rapid 
titration  with  centi-normal  thiosulphate  without  dilution  or 
neutralization. 


Table  IV 

AS2O3,  200;  KI,  2197;   I,  198; 
HtS04,  2000;  Vol.,  0.600 

(50  cc  titrated) 
/         I  —y  in  50  cc ;    K,  X  ior-4 


Table  V 

A?2Os,  200;  KI,  2250;  I,  247.3; 
HtS04,  4002;  Vol.,  0.600 

(50  cc  titrated) 
/        ,  I  —  y  in  50  cc      K„  X  10—4 


2 

15.68 

7 

14.88 

12 

14.08 

'7 

13.44 

22 

n^?> 

27 

12.67 

32 

12.27 

* 

37 

u.56 

42 

1 1 .06 

52 

10.41 

72 

9.27 

169 

154 

159 

»55 

140 

133 

130 

142 

145 

H3 

140 

16 

18.75 

177 

30 

1751 

166 

45   ; 

16.65 

159 

60   | 

15.70 

156 

75 

14-95 

J56 

90 

1425 

152 

105   ! 

13.68 

151 

120 

1 

13.15 

150 

135 

12.64 

150 

150  ; 

12.17 

150 

Table  VI 
As/},,  200;  KI,  3968;  I,  197;  H,S04.  2000;  Vol.,  0.600 

(75  cc  titrated) 

/  I  —  y  in  75  cc     K,  X  *o— 4 


30 

22.58 

132 

60 

20.92 

135 

90 

19.34 

135 

120 

1 8. 1 1   1 

133 

150 

17.03   | 

133 

180 

15.96   i 

x36 

Average 

134 

Table  IV  contains  measurements  with  solutions  of  ap- 
proximately the  same  concentrations  as  those  of  Table  VIII 
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in  which  bromic  acid  was  used.  Similarly  Table  V  is  parallel 
to  Table  IX  and  Table  VI  to  Table  X.  The  experiments  of 
Table  VL4  were  undertaken  to  find  whether  the  decrease  in 
the  constant1  K2oi  the  kinetic  equation3 


(ii) 


was  due  to  the  fall  in  the  concentration  of  the  iodine  or  to 
that  of  the  arsenious  acid. 

Table  VII 

As,0Sf  200;  I,  247.5;   KI,  2250; 

H3S04,  4002;  KBr,  200; 

Vol., 0.600 

(50  cc  titrated) 


Table  VIA 

As.2Os,  100;  I,  197;   KI,  1984; 
H2S04,  4000;  Vol.,  0.600 

( 75  cc  titrated) 


/ 

I—  y  in  75  cc  ' 

K,Xi< 

20 

2331     ! 

— 

40 

22.03 

— 

60 

20.92        ! 

155 

80 

20.17 

142 

IOO 

1929        I 

145 

120 

18.61 

143 

140 

18.11 

143 

I  — y  in  50  cc 


K,  X  io-4 


45 

16.92 

60 

16.08 

75 

15-25 

90 

14-52 

105 

13.92 

120 

13.52 

135 

13.00 

150 

12.52 

139 
139 

140 

141 

138 

133 

135 
136 

Table  VII  contains  the  results  of  measurements  made  in 
solutions  containing  six  times  as  much  bromide  as  was  formed 
from  the  bromate  in  any  of  my  experiments.  The  rate  is 
noticeably  (10-15  percent)  less  than  in  the  experiments  of 
Table  V  in  which — apart  from  the  bromide — the  concentra- 
tions were  the  same ;  but  it  is  evident  that  the  retardation  due 
to  the  bromide  formed  during  an  experiment  may  be  neglected. 

Further  measurements  of  the  rate  of  oxidation  of  arsenious 
acid  by  iodine  are  furnished  by  the  latter  part  of  Table  IX; 
for  although  bromic  acid  was  present  initially,  it  was  practically 
all  reduced  in  the  first  half  hour,  and  from  then  on  the  only 


1  A'.,  was  computed  in  the  same  manner  as  A\  of  Tables  I  and  II,  by  plot 
ting  a  curve  with  y  as  abscissae  and  A',(  Vol)ldtidy  as  ordinates. 

2  Roebuck :  loc.cit. 
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reaction  taking  place  in  the  solution  was  the  oxidation  of 
arsenious  acid  by  iodine.  The  constant  K2  in  Table  IX  was 
thus  determined  for  the  very  solution  in  which  the  bromic  acid 
had  been  reduced,  t  =  70  was  taken  as  the  initial  point. 

Series  III.  The  Rate  of  the  Reaction  between  Bromic, 
Hydriodic,  and  Arsenious  Acids 

For  these  experiments  the  reagents  were  mixed  two  by 
two — the  arsenious  acid  and  sulphuric  acid  solutions  in  one 
bottle  and  the  potassium  bromate  and  potassium  iodide  solu- 
tions in  another.  Both  were  kept  in  the  thermostat,  and 
for  each  experiment  a  certain  amount  of  each  was  pipetted 
into  a  small  stoppered  bottle ;  the  mixture  was  allowed  to  react 
for  a  measured  time,  and  was  then  analyzed. 

Before  determining  the  iodine  and  arsenious  acid  in  the 
product  of  the  reaction,  it  is,  of  course,  necessary  to  stop  the 
reaction,  or  at  least  to  slow  k  up  so  much  that  no  appreciable 
change  in  the  composition  of  the  solution  takes  place  during 
the  progress  of  the  analysis.  In  the  present  instance  this  is  a 
difficult  matter.  Neutralization  of  the  acid,  or  dilution  of  the 
solution,  which  stop  or  retard  the  liberation  of  iodine,  accele- 
rate its  reaction  with  the  arsenious  acid ;  and  it  was  only  after 
many  trials  and  calculations,  based  on  the  researches  of 
Roebuck  and  of  Clark,  that  the  following  method  was  per- 
fected. 

The  mixture  to  be  analyzed  (75  cc  in  volume)  was  thrown 
into  450  cc  of  ice-cold  water  containing  enough  thiosulphate 
to  remove  all  the  iodine  but  one  cubic  centimeter  (centi- 
normal)  or  less.  The  remaining  iodine  was  titrated  in  two 
minutes  with  centi-normal  thiosulphate  and  starch  by  day- 
light or  by  the  light  of  an  Auer  mantle,  but  not  by  gaslight. 
Enough  ammonium  bicarbonate  was  added  to  make  the  solu- 
tion alkaline,  and  finally  the  arsenious  acid  was  estimated  with 
iodine. 

Under  these  conditions,  and  when  the  diluted  mixture 
contains  before  titration  1  cc  n/100  iodine,  25  cc  n/100  arsen- 
ious acid,  15  cc  w/i  sulphuric  acid  and  4  cc  of  F/i  potassium 
iodide,  a  correction  of  about  0.03  cc  w/100  must  be  added  to 
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the  thiosulphate  reading  and  to  the  iodine  reading  in  the 
arsenite  determination.  This  correction  must  be  doubled 
if  only  half  as  much  acid  be  present,  and  it  varies  roughly 
as  the  square  of  the  excess  of  iodine  not  removed  by  the  thio- 
sulphate added  to  the  water  of  dilution.  If  by  mischance 
more  thiosulphate  has  been  added  in  dilution  than  is  equivalent 
to  the  free  iodine,  this  correction  must  not  be  applied. 

If  much  bromic  acid  remains  unreduced,  iodine  is  liberated 
by  it  during  the  first  titration.  With  the  above  mentioned 
concentrations  of  the  various  reagents,  25  cc  n/100  bromic  acid 
frees  0.02  cc  n/100  iodine. 

The  error  of  the  determinations  is  greater  than  the  correc- 
tions, owing  to  the  difficulty  of  making  sure  of  the  end-point 
with  thiosulphate  at  such  great  dilution.  This  is  the  weakest 
point  in  the  method  of  analysis  adopted. 

The  results  of  three  sets  of  experiments,  with  different 
concentrations  of  acid  and  iodide,  are  given  in  Tables  VIII 
IX  and  X. 


Table  VIII 
KBr03,  199;  KI,  1984;  HxS04,  2000;  As2Os,  200;  Vol.,  0.600 

(75  cc  titrated) 


/ 

x  —y 
in  75  cc 

As,0;i  —  y 
in  75  cc     1 

X 

x  calc.1 

y 

y  calc* 

K,  X  io15 

6 

4.60 

24.78 

4.82 

463 

0.22 

O.23 

1020 

12 

7.56 

24.22 

8.34 

8.30 

0.78 

1     O.79 

985 

18 

9.57 

23-44       ' 

II. 13 

II. 21 

1.56 

1.57 

1       972 

24 

II.24 

22.65 

13-59 

13.52 

2.35 

2.52 

985 

3o 

12.36 

22.05 

I5-3I 

15-37 

2.95 

3-37 

977 

36 

12.76 

20.88 

16.88 

16.91 

4.12 

4.25 

968 

42 

I3-05 

19.67 

18.38 

18.31 

5-33 

5-3i 

984 

1  Calculated  by  use  of  A',  —980  •    10— '5  from  Table  I. 

2  A'.,  varies  with  the  concentration  of  the  arsenious  acid.  Hence  for  the 
calculation  of  each  number  of  the  column,  a  value  of  A'2  corresponding  to  the 
same  concentration  of  arsenious  acid  was  chosen  from  Table  IV,  viz:  i58forthe 
first  three,  150  for  /   -•  30,  and  145  for  /       36  and  /  .-  42. 
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Table  IX 
KBrO„  199;  KI,  1980;  H,S04,  4000;  Ae,0„  200;  Vol.,  0.600 

(75  cc  titrated) 


/ 

x—y 
in  75  cc 

Aa,Os  -y 
in  75  cc 

1 

X 

.r  calc.1 

y    1 

y  calc' 

I^Xiois 

K*Xio-4 

3 

1 
7.28 

24.83 

7.45 

7.43 

0.17: 

O.IO 

828 

— 

6 

11.74 

24.67 

12.07 

12.22 

0.33 

0.32 

797 

— 

9 

14.92 

24.48 

15.44 

15.68 

0.52 

O.68 

789 

— 

12 

17.00 

24.OI 

17.99, 

18.15    | 

0.99 

1.06 

793 

— 

15 

18.38 

23.57 

19.81; 

19.93    ' 

1.43 

1.50 

796 



18 

19.21  '. 

23.16 

21.05 

2I.06 

1.84 

1.98 

783 

21 

20.20 

22.57 

22.63 

22.18 

2.43 

2.45 

^■^^ 

— 

24 

20.40 

22.04 

23.36 

22.88 

2.96 

2.95 



70 

16.52 

16.77 



8.23: 

— 

— 



80 

15.77 

I5.90 

— 

9.10 

— - 

— 



90 

15.25 

15.27 

^ ^"^ 

— 

9.73 

— 

— 

137' 

100 

14.73 

M.73 

~™"" ~ 

— 

10.27 

— 

129 

no 

13-79 

14.04 

— 

— 

10.96 

— 

— 

135 

Table  X 
KBrO,,  199;  KI,  3968;  H,S04,  2000;  As,0lf  200;  Vol.,  0.600 

(75  cc  titrated) 


/ 

x — y 

• 

As,Os-> 

• 

x 

in  75  cc 

in  75  cc 

—               1 

5 

7.04 

1 

24.96     j 

7.08 

10 

II.58 

24.83 

11.75 

15 

14.52 

24.62 

I.I.90 

20 

16.68 

24.25 

17.43 

25 

18.13 

23.98 

19.15 

30 

19.13 

23.58 

20.55 

35 

19.80 

2328 

21.52 

40 

20.09 

22.96 

22.13 

x  calc.4 

6.84 
II.52 
14.88 

17.33 
19.24 

20.52 

21.53 
22.30 


O.04 
O.17 
O.38 

0.75 
1.02 
1.42 
I.72 
2.04 


y  calc.6      K,  X  io14 

O.06  — 

O.22  935 

O.43  909 

O.70  917 

O.99  901 

1. 31  911 

1.63  906 

2.01  — 

Average     911 


The  constant  Kv  referring  to  the  rate  of  reduction  of  the 
bromic  acid  (Equation  8),  was  calculated  as  described  on 
page  298. 

1  A',  --_  810  \  io-'5  (Table  II). 

7  Values  of  K.t  from  Table  V. 

*  A\  calculated  from  /  -■-■  70  as  initial  point ;  see  page  300. 

4  K,  —  909  X  io-»5,  for  Table  III. 

6  K2  —  134  X  io4,  from  Table  VI. 
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The  rate  of  oxidation  of  the  arsenious  acid  by  the  iodine 
liberated  during  the  reaction  may  be  expressed  by  the  equation 

dyldt  =  K^-^A^-y)^ll  (i2) 

(KI-x-ynH2SO-x-y) 

and  values  of  K2  might  be  computed  by  substituting  for  x 
and  y  their  "effective  averages"  and  integrating  as  explained 
on  page  298;  the  terms  involving  x  and  y  being  almost  constant, 
there  is  no  petitio  principii  in  this  procedure.  It  was  thought 
better,  however,  to  calculate  y  for  each  measurement  of  the 
table,  using  Equation  12  and  the  values  of  K2  from  Tables 
IV,  V  and  VI.  Similarly,  the  values  of  ilx  calc"  are  obtained 
by  the  use  of  Kt  of  Tables  I,  II  and  III. 

The  calculated  and  observed  values  of  x  and  of  y  are 
entered  in  adjoining  columns  in  Tables  VIII  to  X;  the 
differences  are  sometimes  positive  and  sometimes  negative 
but  in  no  case  exceed  the  error  of  analysis;  that  is,  the  arsenious 
acid  actually  oxidized  is  just  what  was  acted  on  by  the  iodine 
liberated  during  the  reaction,  none  has  been  oxidized  by  the 
hypothetical  primary  products  of  the  reduction  of  the  bromic 
acid.  If  these  intermediate  products  had  been  quantitatively 
reduced  by  the  arsenious  acid  (as  has  been  assumed  in  the 
case  of  the  analogous  reaction  with  hydrogen  bromide)  the 
arsenious  acid  oxidized  would  have  been  from  three  times  to 
seventy  times  as  much  as  that  actually  observed,  while  the 
iodine  liberated  would  have  fallen  to  zero. 

Conclusions 

In  solutions  containing  bromic  hydriodic  and  arsenious 
acids,  no  arsenic  is  oxidized  except  by  the  action  of  the  iodine 
liberated  during  the  reaction ;  and  the  rate  of  reduction  of  the 
bromic  acid,  and  the  rate  of  liberation  of  iodine  are  unaffected 
by  the  presence  of  arsenious  acid,  except  in  so  far  as  the 
oxidation  of  the  latter  by  the  iodine  affects  the  concentrations 
of  acid  and  iodide  in  the  solution. 

The  action  of  hydrogen  iodide  on  bromic  acid,  therefore, 
does  not  "induce"  the  oxidation  of  arsenious  acid;  and  there 
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is  no  ground  for  regarding  the  oxidation  of  arsenious  acid  in 
mixtures  of  bromic  and  hydrobromic  acids  as  a  case  of  chemical 
induction. 

My  thanks  are  due  to  Prof.  W.  Lash  Miller  at  whose 
suggestion  this  investigation  was  undertaken  and  under  whose 
direction  it  was  carried  out  in  the  winter  of  1 905-6. 

The  University  of  Toronto^ 
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^  (On  the  Mechanism  of  the  Oxidation  of  Naphthalene.    II.) 
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BY   MAITLAND   C.    BOSWELL 

In  many  of  the  reactions  of  organic  chemist ry,  where  the 
ultimate  product  is  only  distantly  related  to  the  substances 
initially  present,  it  is  of  great  interest  to  trace  the  intermediate 
steps  of  the  reaction;  either,  for  example,  to  elucidate  some 
theory — as  that  of  ring  opening  in  the  oxidation  of  cyclic 
compound — or  in  the  hope  of  discovering  constitutional 
formulas  for,  and  ultimately  achieving  the  synthesis  of,  the 
substances  experimented  on. 

Up  to  the  present,  information  as  to  the  course  of  such 
reactions  has  been  sought  by  examining  the  reaction  products 
for  the  intermediate  compound  suspected;  and  by  varying 
the  conditions  of  the  reaction,  such  as  temperature  and  concen- 
trations, by  exchanging  one  oxidation  or  reduction  agent  for 
another,  by  adding  alkali  or  acid,  etc.,  to  discover,  if  possible, 
conditions  under  which  they  would  be  formed  in  isolable  quan- 
tities.    Much  has  been  accomplished  in  this  manner. 

There  is,  however,  a  second  method  of  procedure  which 
is  illustrated  by  the  experiments  of  the  present  paper;  and 
which,  so  far  as  I  am  aware,  has  not  hitherto  been  put  in 
practice.  This  consists  in  studying  the  behavior  of  the 
suspected  intermediate  products  with  the  reagents  used  in 
the  reaction  in  question,  in  order  to  see  whether,  if  formed, 
they  would  accumulate  in  the  reaction  mixture,  or  would  be 
converted  at  once  into  the  final  product. 

This  second  method  is,  in  a  sense,  a  complement  of  the 
first;  each  furnishes  information  that  the  other  cannot  give. 
Failure  to  isolate  any  particular  substance  cannot  be  re- 
garded as  proof  that  it  did  not  exist  temporarily  at  some 
stage  of  the  reaction;  and  on  the  other  hand,  proof  that  the 
substance    in    question    could    not    remain    unaltered    in    the 
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presence  of  the  reagents,  is  proof  merely  that  it  might  have 
been — not  that  it  actually  was — formed  as  an  intermediate 
stage  of  the  reaction. 

The  first  method,  then,  may  lead  to  positive  evidence 
that  a  given  substance  is  one  of  the  intermediate  products 
of  the  reaction;  the  second,  to  positive  evidence  that  it  is 
not.  Neither  method  can  furnish  evidence  of  the  kind 
peculiar  to  the  other. 

A  few  simple  experiments  carried  out  by  either  of  the 
two  methods  may  often  give  valuable  information;  but  to 
obtain  really  conclusive  evidence  by  either  of  them,  all  the 
precautions  suggested  by  the  study  of  chemical  kinetics  must 
be  observed.  In  applying  the  first  method,  in  particular, 
it  has  too  often  been  forgotten  that  change  of  conditions  often 
entails  a  radical  change  in  the  mechanism  of  the  reaction. 
An  example  of  such  a  change  is  afforded  by  my  experiments 
on  the  oxidation  of  ^-naphthoquinone,  discussed  on  page  127. 

In  a  paper  which  has  just  been  published,  Mr.  Daly1  has 
made  a  careful  study  of  some  of  the  likely  intermediate  stages 
in  the  formation  of  phthalonic  acid  by  the  action  of  potassium 
permanganate  on  naphthalene.  The  present  experiments 
with  ^-naphthoquinone  and  some  of  its  possible  oxidation 
products  show  how,  under  favorable  circumstances,  a  few 
simple  measurements  may  lead  to  equally  definite  results. 

In  the  oxidation  of  ^-naphthoquinone  to  phthalic  acid,2 
the  ring  may  be  broken  at  the  double  bond,  between  the  two 
keto  groups,  or  between  the  CO  and  CH  groups;  of  these, 
the  last  named  seems  the  least  likely,  from  chemical  analogies, 
while  simultaneous  dissolution  of  two  or  more  bonds  is  least 
likely  of  all. 

The  first  alternative  would  result  in  the  formation  of 
carboxy-phenylglyoxyl-formic  acid,  which  on  further  oxida- 
tion might  be  converted  into  phthalonic  acid  and  then  into 
phthalic  acid  (Series  A).     The  experiments  of  Zincke3  and  of 

1  Jour.  Phys.  Chein.,  n,  93  (1907). 

'-'  Uebig's  Ann.,  189,  155  ( 1877). 

3  Ber.  cheni.  Ges.,  Berlin,  25,  400  (1892). 
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Bamberger  and  Kitschelt,1  who  prepared  ortho-carboxy-phenyl- 
glyceric  acid  by  the  action  of  chloride  of  lime  on  /?-naphtho- 

CH  CO  CH  COOH 

CH  C    CO         CH  C    COOH 

I   II     I  I   II     I 

CH  C     CH         CH  C    CHOH 

CH     CH  CH     CHOH 

^-Naphthoquinone  Ortho-carboxy-phenyl-glyceric  acid 

quinone,  lend  probability  to  the  second  supposition  (Series  B) ; 
and  I  have  accordingly  undertaken  experiments  to  ascertain 
whether  the  oxidation  by  chromic  acid  follows  the  same 
course. 

The  first  product  of  the  oxidation,  if  the  bond  between 
the  two  keto  groups  be  broken,  would  be  o-carboxy-cinnamic 
acid.  I  do  not  find  in  the  literature  any  account  of  this 
substance  having  been  oxidized  without  loss  of  carbon,  but 
cinnamic  acid  itself  gives  phenylglyceric  acid;2  o-carboxy- 
phenylgly eerie  acid  may  therefore  be  assumed,  with  perhaps 
o-carboxy-benzoylacetic  acid  (the  hydrate  of  phthalyl-acetic 
acid)  intermediate.  Homophthalic  acid,  and  carboxy-man- 
delic  acid  (the  hydrate  of  phthalid-carbonic  acid),  both  of 
which  may  be  obtained  from  phthalonic  acid  by  reduction, 
may  also  reasonably  be  regarded  as  possible  stages  in  the 
oxidation,  since  my  own  experiments  show  that  phthalonic 
acid  is  actually  formed  from  each  of  them. 

The    steps   by   which  ^-naphthoquinone    is   oxidized    to 

phthalic  acid,  on  the  assumption  that  the  bond  between  the 

two  CO  groups  is  the  first  to  break,   may  thus  with  some 

probability  be  assumed  to  be : 

CH     CO  CH    COOH  CH    COOH 

//\/  \  //\/  //\/ 

CH  C  CO         CH  C  COOH         CH  C         COOH 

I       II  I  I      II  I  I       I!  I 

CHC  CH  CH  C  CH  CH  C  CH 

%/   \//  %/\//  %/\# 

CH       CH  CH     CH  CH     C— OH 

/^-Naphthoquinone  0-Carboxy-cinnamic  acid      o-Carboxy-benzoyl- 

acetic  acid 


1  Ber.  chem.  Ges.,  25,  888  ( 1892). 

2  Fittig  :  Liebig's  Ann.,  268,  27  (1892). 
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CH  COOH 
CH  C   COOH 


CH  C    CHOH 
CH  CHOH 

0-Carboxy-phenyl- 
glyceric  acid 


CH    COOH 

CHC 

I       II 
CH  C         COOH 

CH     CH, 

Homophthalic  acid 


CH    COOH 
CH  C 


CH  C        COOH 

CH     CHOH 
0-Carboxy-mandelic  acid 


CH  COOH 
CH  C 


CH  COOH 
CH  C 


CH  C    COOH 
CH  CO 

Phthalonic  acid 


CHC 

CH     COOH 
Phthalic  acid 


Substances  Used  in  the  Experiments 

^-Naphthoquinone,  prepared  by  the  method  of  Lagod- 
zinski  and  Hardine1  and  purified  by  the  method  described 
in  my  paper  on  "Analytical  Methods."2 

The  lactone  of  ortho-carboxy-phenylglyceric  acid,  by  the 
method  of  Zincke;8  melting-point  2020. 

Ortho-carboxy-cinnamic  acid,  by  the  method  of  Ehrlich 
and  Benedikt.4 

Phthalyl-acetic  acid,  by  the  method  of  Gabriel  and  Neu- 
mann.5  , 

Homophthalic  acid,  by  the  method  of  Graebe  and  Triimpy,8 
melting-point  1 740- 1 7  50. 

The  lactone  of  phthalid-carbonic  acid,  by  the  method  of 
Graebe  and  Triimpy,7  melting-point  i50°-i52°. 

Phthalonic  acid,  by  the  method  of  Graebe  and  Triimpy. 
As  I  found  that  air-dried  phthalonic  acid  does  not  contain  a 

1  Ber.  chetu.  Ges.,  Berlin,  27,  3075  (1894). 
1  Jour.  Am.  Chem.  Soc,  29,  230  (1907). 
*'  Ber.  chem.  Ges.,  Berlin,  25,  405  (1892). 

4  Moiiatsheft,  9,  528  (1888). 

5  Ber.  chem.  Ges.,  Berlin,  26,  952  ( 1893). 

6  Ibid.,  3i,375  (1898). 
'Ibid.,  3i,373  (1898). 
Mbid.,  31,369  (1898). 
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definite  amount  of  water  of  crystallization,1 1  used  anhydrous 
acid  which  I  prepared  by  heating  the  air-dried  acid  at  1150 
to  constant  weight. 

a-Naphthoquinone,  by  the  method  of  Japp  and  Miller,2 
and  purified  by  repeated  crystallization  from  petroleum  ether ; 
melting-point  i24°-i26°. 

The  a-naphthol  and  the  naphthalene  were  "chemically 
pure"  preparations  of  Kahlbaum. 

Method  of  Working 

The  rates  of  oxidation  were  measured  as  follows:  In  a 
150  cc  glass  stoppered  bottle  was  placed  o.  1000  gram  naphtho- 
quinone (or  an  amount  of  one  of  the  other  substances  pro- 
portional to  its  formula  weight) ;  and  a  mixture  of  70  cc  of 
potassium  bichromate  solution  (7.648  grams  K2Cr207  per 
liter)  with  5  cc  of  dilute  sulphuric  acid  (150  grams  H2S04  per 
liter)  was  added.  The  bottle  was  completely  immersed  in  a 
bath  of  boiling  water ;  at  the  expiration  of  a  measured  interval 
it  was  removed,  emptied  into  a  beaker  containing  75  cc  ice 
water  and  titrated  with  approximately  fortieth-normal 
ferrous  sulphate,  using  potassium  ferricyanide  as  external 
indicator  in  the  usual  way.  The  results  of  the  measurements 
are  contained  in  Table  I. 

In  the  first  column  are  the  names  of  the  substances;  in 
the  second  the  formulas ;  in  the  third  the  weights  taken ;  in  the 
fourth,  after  the  duration  of  the  oxidation  in  minutes,  and 
after  Bi  the  amount  of  bichromate  reduced  expressed  in 
cc  of  a  solution  containing  7.648  grams  KjCrO,  per  liter. 
In  the  fifth  column,  under  P,  are  entered  the  nurrber  of  cc 
of  bichromate  (calculated  from  the  formulas)  necessary  to 
oxidize  the  substance  to  phthalonic  acid,  and  under  T  the 
number  of  minutes  (obtained  graphically  from  the  data  of  the 
table)  in  which  these  quantities  of  bichromate  are  reduced. 

Of  course,  it  cannot  be  assumed  that  at  the  moment  T 
nothing  but  phthalonic  acid  is  present  in  the  solution,  for  that 

1  Jour.  Am.  Chem.  Soc,  29,  230  ( 1907). 
1  Jour.  Chem.  Soc,  39,  220  (1881). 
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substance  itself  is  oxidized  by  chromic  acid.  This  reaction, 
however,  takes  place  slowly  in  the  relatively  dilute  solution 
of  chromic  acid  left  by  the  previous  oxidation,  as  is  shown 
by  the  measurements  of  Table  II. 

Table  II 


jalonic  acid 

Bichromate 

Sulphuric  acid  ' 

t. 

Bi. 

Gram 

cc. 

cc. 

minutes 

cc. 

0.1230 

70 

1 
i 

5 

40 

8.2 

O.1230 

70 

5            1 

80 

10.2 

O.0615 

70 

5 

40 

2.7 

O.0615 

70 

j            5 

80 

4.4 

O.1230 

35 

5 

40 

6.0 

0.1230 

35 

5            1 

80 

8.0 

O.1230 

70 

2.5 

40 

6.3 

0.1230 

70 

2-5 

80 

7.0 

The  weights  of  anhydrous  phthalonic  acid  taken  are 
entered  under  Phthalonic  acidt  the  volumes  of  the  bichromate 
solution  and  of  the  acid  (page  1 23)under  Bichromkte  and  Sulphuric 
acid  respectively,  the  duration  of  the  oxidation  under  /,  and  the 
bichromate  reduced  under  Bi,  The  great  effect  of  the  con- 
centrations of  the  reagents  on  the  rate  is  sufficiently  obvious. 
From  a  graph  of  the  results  it  appears  that  the  rate  is  pro- 
portional to  the  concentrations  of  the  sulphuric  acid  and  of 
the  bichromate  respectively,  and  to  the  square  of  that  of  the 
phthalonic  acid;  but  for  the  purposes  of  this  paper  it  was 
not  necessary  to  undertake  special  measurement  to  establish 
this  relation  rigorously. 

Far  the  greater  part  of  the  phthalonic  acid  formed 
in  my  experiments  would  thus  escape  further  oxidation, 
and,  in  fact,  the  presence  of  that  substance  in  each 
of  the  solutions  at  the  expiration  of  /  minutes  was  estab- 
lished by  the  test  with  potassium  permanganate  described 
in  my  paper  on  "Analytical  Methods."1  This  test  was 
carried  out  as  follows.  First,  the  chromic  acid  remaining 
was    reduced    with    ferrous    sulphate.     The    phthalonic    acid 

1  loc.  cit. 
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was  then  isolated  by  neutralizing  with  sodium  carbonate, 
acidifying  with  hydrochloric  acid,  evaporating  to  dryness 
on  the  water-bath,  extracting  with  absolute  alcohol  and 
evaporating  the  alcoholic  extract  to  dryness;  the  residue  was 
then  dissolved  in  a  little  water  and  filtered.  The  solution 
so  obtained  was  acidified  with  dilute  sulphuric  acid,  and  deci- 
normal  permanganate  was  added ;  in  every  case  the  color  was 
discharged,  a  reaction  characteristic  of  phthalonic  acid  and 
serving  to  distinguish  it  from  phthalic,  homophthalic  and 
phthalid-carbonic  acids. 

Phthalonic  acid  is  thus  an  isolable  product  of  the  oxida- 
tion of  all  six  substances  studied ;  similar  experiments  showed 
that  it  is  formed  by  the  oxidation  of  a-naphthoquinone ;  hither- 
to it  has  been  known  as  a  product  of  oxidation  of  naphthalene1 
and  of  a-naphthola  only. 

I 
^-Naphthoquinone 

A  glance  at  Table  I  shows  that  the  number  entered  under 
T  opposite  ^-naphthoquinone  is  the  smallest  in  the  column. 
In  other  words,  o.iooo  gram  of  the  quinone  is  oxidized  to 
phthalonic  acid  in  less  time  than  it  would  take  to  oxidize  any 
of  the  hypothetical  intermediate  oxidation  products  of  Series  B 
(page  1 2 1), even  if  they  had  been  present  in  full  concentration 
and  had  the  chromic  acid  all  to  themselves. 

This  shows  conclusively  that  neither  orthocarboxy- 
cinnamic,  ortho-carboxy-phenylglyceric,  phthalyl-acetic,  homo- 
phthalic, nor  phthalid-carbonic  acid  can  be  formed  in  the 
course  of  the  oxidation  of  ^-naphthoquinone  to  phthalic 
acid;  and,  as  has  been  pointed  out  in  the  introduction,  positive 
evidence  of  this  nature  can  be  obtained  in  no  other  way. 
That  phthalonic  acid  is  an  intermediate  product  is  shown  by 
the  permanganate  test  described  above. 

The    measurements    with    o-carboxy-phenylglyceric  acid 

1  Tsclierniac :  Ber.  chem.  Ges.,  Berlin,  31,  139  (1898);  Graebe  and 
Triimpy:  Ibid.,  31,369  (1898). 

*  Henriques  :  Ibid.,  21,  1607  (1888). 
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are  particularly  interesting,  because  the  very  preparation  of  this 
substance  used  in  my  measurements  was  itself  made  from 
^-naphthoquinone  by  the  action  of  chloride  of  lime.  There 
was  therefore,  a  priori,  a  high  degree  of  probability  that  it 
would  prove  to  be  one  of  the  products  of  oxidation  with 
chromic  acid.  Changing  the  oxidizing  agent,  however,  has 
changed  the  whole  course  of  the  oxidation. 

The  experimental  study  of  Series  A  was  prevented  by  the 
circumstance  that  carboxy-phenylglyoxyl-formic  acid  has 
not  yet  been  described  in  the  literature,  and  that  as  yet  I 
have  had  no  leisure  to  attempt  its  preparation.  In  the 
present  almost  total  absence  of  data  of  the  kinetics  of  organic 
reactions,  it  is  impossible  to  draw  from  its  formula  any  sure 
conclusions  as  to  its  behavior  on  oxidation.  The  analogous 
phenylglyoxyl-formic  acid,  or  rather  an  amino  derivative 
of  it,  has  been  prepared  by  Baeyer  and  Homolka,1  but  nothing 
is  said  as  to  its  behavior  with  oxidizing  agents;  similarly, 
nothing  could  be  found  as  to  the  oxidation  of  dioxytartaric 
acid,  or  diphenyltriketone,  both  of  which  likewise  contain 
the  group  CO.CO.CO.  The  result  of  my  measurements, 
then,  while  conclusively  disproving  the  possibility  of  the 
mechanism  represented  by  the  formulas  of  Series  B  leaves 
the  question  open  as  to  Series  A. 

II 
Genetic  Relations  between  the  Six  Acids 

From  the  data  of  Table  I,  collected  in  order  to  study  the 
oxidation  of  ^-naphthoquinone,  some  information  as  to  the 
relations  of  the  acids  involved  may  be  drawn.  It  is  im- 
mediately obvious  for  instance,  that  homophthalic  acid 
cannot  be  an  intermediate  product  of  the  oxidation  of 
either  orthocarboxy-cinnamic,  orthocarboxy-phenylglyceric,  or 
phthalyl-acetic  acids  to  phthalonic  acid.  Without  further 
study  of  the  relations  between  rates  and  concentrations, 
which  (as  aside  from  the  main  purpose  of  the  research)    was 

1  Ber.  chem.  Ges.  Berlin,  16,  2219  (  885). 
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not  undertaken,  nothing  further  definite  can  be  said;  but  if 
the  plausible  assumption  be  allowed,  that  in  each  case  the 
rate  is  proportional  to  at  least  the  first  power  of  the  con- 
centration of  the  acids  oxidized,  then  none  of  the  acids 
studied  can  be  considered  as  intermediate  stages  in  the  oxida- 
tion to  phthalonic  acid  of  those  higher  in  the  Table. 

Ill 
«  Naphthoquinone 

In  this  connection,  a  few  experiments  were  conducted 
with  a-naphthoquinone,  the  results  of  which  are  given  in  Table 
III. 

Table  III 

a"Ql,iG°ramaken  Results  of  the  Measurements  ;     P     |     T 

o.iooo  I  '—  30       60       90.    120     150     180 

IBi — 5.1     11. 6    20.8  26.2    31.6   35.6   40.5     220 

Taken  with  the  data  of  Table  I  these  measurements  show 
that  orthocarboxy-cinnamic  and  homophthalic  acids  cannot 
be  intermediate  products  in  the  oxidation  of  a-naphthoquinone 
to  phthalonic  acid  under  the  circumstances  of  my  experi- 
ments. Without  further  measurements  to  ascertain  the  effect 
of  concentrations  on  the  rates  the  same  cannot  be  said  of 
ortho-carboxy-phenylglyceric  and  phthalid-carbonic  acids. 
Consideration  of  the  structural  formulas,  however,  makes  it 
very  unlikely.  It  is  possible,  however,  to  show  from  the 
data  of  Tables  I  and  III  that  phthalyl-acetic  acid  cannot  be 
an  intermediate  product. 

40.5  cc  bichromate  are  necessary  to  transform  0.1  gram  of 
a-quinone  into  phthalonic  acid  and  need  220  minutes  to  do  it. 
16.2  cc  bichromate  would  be  necessary  to  oxidize  the  quinone 
to  phthalyl,  acetic  acid,  and  the  table  shows  that  this  amount 
of  bichromate  is  reduced  in  77  minutes.  Experiments  on  the 
rate  of  oxidation  of  phthalyl-acetic  acid  show  (by  interpolation) 
that  in  the  last  22—077  =  J43  minutes  at  most  0.51  equivalent1 

1  By  one   "equivalent"   is  to  be  understood   the  weight  of  substance 
entered  in  column  3  of  Table  I. 
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of  that  substance  could  be  oxidized,  leaving  at  least  0.49 
equivalent  that  must  have  been  oxidized  in  the  first  77 
minutes.  This  oxidation  would  require  0.49  X  24.3  =  n.gcc  of 
bichromate  out  of  the  16.2  actually  reduced,  leaving  only 
4.3  reduced  by  the  quinone.  The  phthalyl-acetic  acid  formed 
by  the  reduction  of  this  amount  of  bichromate,  however, 
amounts  to  only  4.3/16.2  =  0.26  equivalent  instead  of  the 
minimum  of  0.49  required  by  the  assumptions. 

The  assumption  that  phthalyl-acetic  acid  is  an  inter- 
mediate product  of  the  oxidation  of  a-naphthoquinone  to 
phthalonic  acid  is  therefore  disproved  by  the  rate  measure- 
ments. 

The  same  process  of  reasoning  makes  it  most  improbable 
that  phthalid-carbonic  acid  can  be  intermediate  in  the  oxida- 
tion of  orthocarboxy-cinnamic   acid  to  phthalonic  acid. 

IV 
a  Naphthol 

The  results  of  a  series  of  experiments  with  a-naphthol 
given  in  Table  IV  show  that  homophthalic  acid  cannot  be 
formed  "on  the  way"  to  phthalonic  acid;  so  far  as  my  ex- 
periments go,  however,  any  of  the  other  six  compounds 
studied  may  be  intermediate  compounds. 

Table  IV 

i 

a-Naphthol  taken     ;  Results  of  the  Measurements  P    ■     T 

Gram 


0.091  ,    J    '-3°      ,    0°       90      150     .80 

(  Bi — 18.6   1  20.1    25.1    26.7    29.2    56.7    580 

V 

The  Action  of  Nitric  Acid  on  Naphthalene 

Laurent1  and  Beilstein2  have  shown  that  phthalic  acid 
can  be  prepared  by  the  action  of  nitric  acid  (sp.gr.  i.i5)on 
naphthalene,  and  the  latter  even  stated  that  "  apart  from  the 
trouble  of  working  in  sealed  tubes  this  is  the  cheapest  way  of 

1  Liehig's  Ann.,  19,  38  (1836). 

2  Ibid.,  202,  215  (1880). 


130  M ait  land  C.  Boswell 

preparing  this  substance."  I  undertook  a  long  series  of 
measurements  in  the  hope  of  ascertaining  the  mechanism  of 
this  reaction  but  without  success,  as  in  all  my  experiments — 
whether  carried  out  in  tubes  or  in  open  vessels — large  quan- 
tities of  nitro  compounds  were  formed,  and  conditions  could 
not  be  found  under  which  oxidation  took  place  anything  like 
quantitatively. 

The  following  table  gives  the  results  of  a  series  of  deter- 
minations of  the  phthalic  acid  produced  by  the  action  of 
40  cc  of  nitric  acid  (sp.  gr.  1.15)  in  six  hours  at  ioo°  on 
naphthalene,  a-  and  ^-naphthoquinones,  homophthalic,  and 
phthalid-carbonic  acids. 

Table  V 

Substance  Weight  taken  ^£0™^°^ 

Naphthalene 2.0000  0.076 

44  2.0000  0.074 

a  naphthoquinone 0.0712  0*057 

" 0.0712  0.045 

/^-naphthoquinone 0.07 1 2  0.043 

44  .-. 0.0712  0.038 

Homophthalic  acid 0.08 14  0.036 

0.0814  0.047 

Phthalid-carbonic  acid 0.0804  0.041 

"  0.0804  0.041 

SUMMARY 

The  method  of  determining  the  course  of  an  organic  re- 
action discussed  in  this  paper  is  complementary  to  the  method 
of  isolation  of  intermediate  compounds  heretofore  exclusively 
employed.  It  is  shown  that  under  favorable  circumstances 
simple  measurements  may  quickly  lead  to  definite  conclusions. 

In  the  case  of  the  oxidation  of  /^-naphthoquinone  to 
phthalic  acid,  phthalonic  acid  is  an  intermediate  product, 
while  0-carboxy-cinnamic,  0-carboxy-phenylglyceric,  phthalyl- 
acetic,  homophthalic,  and  phthalid-carbonic  acids  are  not. 

Homophthalic  acid  is  not  an  intermediate  product  in 
the  oxidation  of  any  of  the  other  acids  named,  of  ^naphtho- 
quinone, or  of  a-naphthol. 
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0-Carboxy-cinnamic  and  phthalyl- acetic  acids  are  not  in- 
termediate products  in  the  oxidation  of  a-naphthoquinone. 

These  conclusions  hold  only  for  chromic  acid  as  oxidizing 
agent;  changing  the  oxidizing  agent  may  change  the  whole 
course  of  the  reaction. 


My  thanks  are  due  to  Prof.  Lash  Miller,  at  whose  sug- 
gestion this  research  was  undertaken. 

The  University  of  Toronto* 
December*  1906 
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INTRODUCTION. 

The  following  compilation  is  a  result  of  a  search  through  the 
literature  of  the  subject  in  connection  with  my  experimental 
work  in  1904  at  the  University  of  Toronto  on  the  transference 
numbers  of  the  weak  acids.  So  much  time  was  required  to  find 
and  collect  the  scattered  papers  in  this  field,  that  at  the  sugges- 

Proc.  Wash.  Acad.  Sci.,  July,  1907.  1 
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tion  of  Professor  W.  Lash  Miller  I  decided  to  compile  a  syste- 
matic summary  of  the  existing  data.  I  take  this  occasion  of 
expressing  to  him  my  sincerest  thanks  for  this  suggestion,  and 
for  his  valuable  advice  as  to  the  arrangement  of  the  results ;  and 
I  desire  also  to  acknowledge  my  indebtedness  to  the  Carnegie 
Institution  of  Washington  for  the  grant  under  which  I  was 
working. 

The  compilation  was  far  advanced  before  I  left  Toronto,  and 
the  whole  has  been  revised  and  brought  up  to  date  in  Leipsic 
and  Heidelberg.  My  thanks  are  due  to  Professor  Luther  for 
the  interest  he  has  displayed  in  the  work,  and  to  Professor  Jahn 
for  his  kindness  in  furnishing  me  with  out-of-print  dissertations 
from  his  laboratory. 

To  make  this  collection  has  cost  me  many  months  of  labor 
extended  over  the  past  three  years ;  but  any  doubt  of  its  useful- 
ness is  removed  by  the  frequency  with  which  I  still  chance  on 
memoirs  whose  titles  give  no  indication  that  they  contain  experi- 
ments on  electrolytic  migration. 

PLAN    OF   THE    BIBLIOGRAPHY. 

My  object  is  to  present  the  results  in  tabular  form,  with 
enough  of  the  experimental  details  to  enable  the  reader  to  esti- 
mate the  intrinsic  value  of  the  measurements.  Hence  in  addi- 
tion to  the  author,  title,  year,  volume  and  page  of  the  periodical 
in  which  the  papers  appeared,  I  have  given  in  each  case  a  full 
list  of  the  chemicals  experimented  with,  the  concentrations  of 
the  solutions,  the  composition  of  the  solvent,  the  nature  of  the 
electrodes,  the  amount  of  electrolysis  (voltameter  readings),  the 
temperature,  the  change  in  the  middle  (supposedly  unaltered) 
portions,  the  diaphragms  employed  if  any,  the  number  of  experi- 
ments, and  the  final  results;  also  some  information  as  to  the 
form  and  size  of  the  apparatus,  and  occasional  critical  remarks. 

The  material  is  arranged  chronologically1;  an  alphabetical 
index  of  authors,  an  index  of  chemicals,  and  an  index  to  ex- 
periments made  in  solvents  other  than  water,  are  provided.  In 
the  majority  of  cases,  however,  I  have  not  stated  the  method  of 
analysis  employed,  nor  given  the  duration  of  the  experiments 
(chance  for  diffusion). 

1  Alphabetically  within  the  year. 
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EXPERIMENTAL   METHODS. 

The  experimental  methods  of  determining  migration  values 
are  five  in  number:  the  analytical  or  Hittorf  method  (pre- 
viously used  by  Faraday  and  by  Daniell  and  Miller),  the  direct 
or  meniscus-velocity  method,  the  method  based  on  measurement 
of  concentration  cells  with  and  without  diffusion,  the  method 
based  on  measurements  of  the  limiting  current  density  at  which 
normal  products  occur  at  the  electrodes,  and  the  method  of 
Nernst  and  Riesenfeld  for  two  immiscible  solvents  with  a  linear 
distribution  ratio  (Verteilungscoefficient). 

Of  these  only  the  first  two  as  yet  yield  accurate  and  reliable 
results.  The  results  of  all  five  methods  have  been  abstracted 
in  the  present  bibliography. 

The  literature  for  the  fourth  method,  mainly  theoretical,  is : 

H.  W.  Weber,  Wied.  Ann.,  7,  469  and  536  (1879). 

A.  Witkowsky,  ibid.,  //,  759  (1880). 

C.  L.  Weber,  Zeit.  phys.  Chem.,  4,  182  (1889). 
Sheldon  and  Downing,  Phys.  Rev.,  /,  51  (1893). 

B.  Klossing,  Beibl.,  /<?,  220  (1894). 

Th.  des  Coudres,  Wied.  Ann.,  57,  232  (1896). 

E.  Salomon,  Zeit.  phys.  Chem.,  24^  55  (1897) ;  23,  336  (1898). 

C.  Ullmann,  Zeit.  f.  Elektrochem.,  j,  516  (1897). 

H.  J.  Sand,  Phil.  Mag.  (6),  /,  45  (1901) ;  Zeit.  phys.  Chem., 
?j,  641  (1901). 
C.  Christiansen,  Drudes  Ann.,  <?,  787  (1902). 
P.  Straneo,  Ace.  dei  Lincei  (5),  //  (I),  58,  171  (1902). 

F.  G.  Cottrell,  Zeit.  phys.  Chem.,  42,  385  (1903). 
U.  Grassi,  ibid.,  44,  360  (1903). 

E.  Brunner,  ibid.,  ^7,  56  (1904). 

ACCURACY   OF   THE    DETERMINATIONS. 

The  accuracy  of  transport  determinations  is  usually  much 
overrated.  For  the  better  experiments  of  such  workers  as  Bein, 
Kummell,  Loeb,  and  Nernst,  and  the  best  experiments  of  Hit- 
torf, the  results  seem  to  be  reliable  to  one  or  two  units  in  the 
second  decimal  place ;  the  work  of  Steele  and  Denison  is  more 
accurate.     Very  accurate  measurements 1  have  been  made  with 

1  Probably  Tower's  measurements  of  sulphuric  acid  fall  in  this  class ;  the  ex- 
perimental details  are  inaccessible  in  Heidelberg. 
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four  substances  by  Noyes  and  by  Noyes  and  Sammet,  and  a  long 
series  has  appeared  from  Jahn's  laboratory,  which  are  espe- 
cially interesting  as  they  are  all  made  according  to  the  same 
method ;  the  analytical  work  is  wonderful.  Noyes  has  more 
confidence  in  the  absolute  value  of  his  results  than  Jahn  has  in 
his,  although  the  experiments  of  Noyes  and  Sammet  hardly 
surpass  the  best  work  of  Jahn's  pupils.  However  I  have 
copied  the  results  of  Noyes  to  four  decimal  places,  while  Jahn 
calculates  his  to  three. 

Luther 1  estimates  the  reliability  of  the  best  measurements  as 
amounting  to  one  or  two  units  in  the  third  decimal  place ;  and 
E.  Wolff,2  one  of  Jahn's  pupils,  speaks  of  the  "  hitherto  accepted 
limit  of  accuracy  of  one  per  cent."  It  seems  much  easier  to 
obtain  constant  results  than  absolutely  reliable  values ;  the  dif- 
ference between  the  final  values  of  two  investigators  is  often 
several  times  as  great  as  the  maximum  difference  between  the 
individual  results  of  either. 

ERRORS    INTRODUCED    BY   THE   USE    OF   DIAPHRAGMS. 

Even  in  the  earliest  experiments  the  difficulty  of  preventing 
the  mixing  of  the  solutions  through  convection  currents  was  met 
by  the  use  of  diaphragms.  Faraday  used  a  porous  asbestos 
wick,  Daniell  and  Miller  porous  earthenware,  while  Hittorf 
employed  intestinal  membrane  in  most  of  his  measurements. 

Recently  Bein s  and  then  Hittorf 4  investigated  the  influence 
of  various  membranes  upon  the  migration  values,  and  found 
that  while  some  of  them,  such  as  earthenware,  had  no  influence 
apart  from  cataphoresis,  others  changed  the  migration  values  of 
many  substances  very  greatly.  Nernst  attempted5  to  deal  with 
these  cases  by  his  theory  of  the  phenomenon  at  the  meniscus 
between  two  immiscible  solvents  during  electrolysis,  and  Hit- 
torf* replied;  it  seems  to  me  that  the  objections  raised  by  the 

1  Winkelmann's  Handbuch  der  Phyeik,  2  Aufl.,  1905,  Bd.  IV,  868.  This  ex- 
cellent review  of  the  subject  contains  also  a  selection  of  the  most  accurate  work 
up  to  1903,  including  experimental  details. 

1  Dissertation,  Berlin,  1903. 

•Zeit.  phy6.  Chem.,  ££,  439  (1899). 

4Arch.  neer.  (2),  6,  671  (1901);  Zeit.  phys.  Chem.,  jg,  613  (1902);  4jt  239 
(1903)  ;  Zeit.  f.  Elektrochem. ,  <?,  481  (1902). 

'Drude's  Ann.,  8,  600,  609  (1902)  ;  Zeit.  f.  Elektrochem.,  7,  644  (1902). 

•Drude's  Ann.,  9,  243  (1902). 
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latter  might  be  removed  by  assuming  the  existence  of  hydrated 
ions. 

In  general  it  is  possible  to  obtain  good  results  without  casting 
suspicion  upon  them  by  the  use  of  membranes,  as  is  shown  by 
the  accurate  measurements  of  Noyes  and  Sammet,  Jahn's  pupils 
and  others.  For  measuring  very  weak  electrolytes  such  as 
acetic  acid,  the  use  of  some  sort  of  diaphragm  is  almost  indis- 
pensable ;  I  used  bundles  of  glass  tubes  of  small  bore,  which 
is  cumbersome,  but  is  otherwise  free  from  criticism.  The  dia- 
phragms which  are  least  open  to  objection  are  cloth,  cotton 
batting,  earthenware,  and  agar-agar.  It  is  unfortunate  that 
it  is  just  in  the  case  of  weak  electrolytes  where  diaphragms 
would  be  most  useful  that  cataphoresis  (electric  endosmosis)  is 
most  prominent.  Solidified  gelatine,  intestinal  membrane,  fish- 
bladder,  gold-beaters'  skin,  membrane  of  an  egg,  and  parch- 
ment, are  the  diaphragms  which  exert  the  greatest  influence 
upon  the  migration ;  the  influence  varies  with  the  nature  of  the 
electrolyte  and  its  concentration. 

ERRORS    INTRODUCED    BY   THE    METHOD    OF   CALCULATION. 

There  are  several  methods  of  calculation  in  use,  although 
only  one  of  them  is  correct.  Hittorf  described  this  with  the 
greatest  clearness  in  his  classical  researches ;  yet  of  only  six- 
teen authors  besides  Jahn's  pupils  can  I  say  with  certainty  that 
their  results  were  correctly  calculated.  In  many  cases  the  data 
given  in  the  papers  are  not  sufficient  to  warrant  a  definite  ex- 
pression of  opinion ;  but  it  is  safe  to  assert  that  of  the  authors 
who  used  the  analytical  method,  not  more  than  half  calculated 
their  results  correctly. 

In  measuring  migration  we  are  measuring  the  movement  of 
the  electrolyte  through  the  solvent ;  hence  the  calculation  must 
be  based  upon  a  constant  amount  of  solvent.  If  for  example  we 
find  that  before  electrolysis  the  m  grams  of  water  in  an  electrode 
compartment  contains  a  certain  amount  of  electrolyte,  we  must 
determine  the  amount  of  electrolyte  contained  in  m  grams  of 
water  after  electrolysis.  The  favorite  among  the  other  methods 
is  to  determine  the  amount  of  electrolyte  in  a  constant  volume 
of  solution  before  and  after  electrolysis ;  it  is  evident  that  only 
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in  special  cases  will  equal  volumes  of  solutions  of  different  con- 
centrations contain  the  same  amount  of  solvent.  Hittorf1 
picked  out  particular  cases  measured  by  Wiedemann  and 
showed  that  the  error  thus  introduced  amounted  to  as  much  as 
20  percent  of  the  migration  value ;  in  other  cases  it  was  neg- 
ligible. In  very  dilute  solutions  this  error  vanishes.  Another 
method  bases  the  calculation  upon  constant  weight  of  solution ; 
as  is  evident,  this  is  always  wrong.  Here,  again,  the  error  is 
worst  in  concentrated  solutions,  and  becomes  negligible  when 
the  solutions  are  very  dilute.  In  general,  I  have  had  to  leave 
it  to  the  reader  to  calculate  whether  the  error  introduced  by 
wrong  methods  of  calculation  is  large  or  not ;  in  a  few  cases, 
however,  I  have  made  the  calculation  myself,  and  when  the 
error  was  vanishingly  small,  I  have  stated  that  the  results  were 
correctly  calculated. 

Possibly  the  following  consideration  of  the  effect  on  the  trans- 
port number  caused  by  neglecting  the  loss  of  gases  at  the  elec- 
trodes may  be  of  use.  During  the  passage  of  96,540  coulombs 
8  grams  of  oxygen  escape,  hence  the  amount  of  the  constituents 
of  the  solvent  at  the  anode  appears  to  be  8  grams  less  than 
really  was,  and  so  the  apparent  migration  value  of  the  anion  is 
increased  by  the  number  of  g-mols  of  electrolyte  contained  in 
8  grams  of  water.  This  holds  for  all  electrolytes  where  oxygen 
is  evolved  at  the  anode.  Similarly,  the  migration  value  of  the 
cation  obtained  at  the  cathode  where  hydrogen  is  escaping  is 
increased  by  the  number  of  g-mols  of  electrolyte  in  one  gram  of 
water;  this  is  generally  negligible.  The  correction  to  be  sub- 
tracted from  the  migration  value  of  the  anion  found  by  analysis 
at  the  anode  is  therefore  0.008  for  normal  solutions  and  0.0008 
for  decinormal  solutions  ;  similarly  for  the  cathode  analysis,  one 
eighth  as  much  has  to  be  added  to  the  migration  number  of  the 
anion.  These  corrections  are  mostly  negligible,  but  the  calcu- 
lation is  useful  as  showing  the  absolute  value  of  the  errors  intro- 
duced by  the  chemical  processes  at  the  electrodes.  It  is  easy  to 
extend  it  to  other  cases ;  for  instance,  the  correction  at  the 
cathode  where  a  metal  is  precipitated  and  not  weighed,  is  equal 
to  its  gram-equivalent  weight  multiplied  by  the  correction  de- 

1Pog.  Ann.,  103,  8  (1858). 
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duced  above  for  hydrogen.  For  a  metal  dissolving  at  the  anode, 
where  the  electrode  is  not  weighed,  the  correction  is  equal  to 
the  correction  for  oxygen  (but  taken  with  opposite  sign)  multi- 
plied by  one-eighth  the  gram-equivalent  weight.'! 

INTERPRETATION  OF  THE  RESULTS. 

The  transport  number  of  any  component  of  a  solution  is  the 
number  of  gram-equivalents  of  that  component  which  enters  or 
leaves  one  of  the  electrode  compartments  during  the  passage  of 
96,540  coulombs  of  electricity. 

Hittorf  has  shown  how  in  certain  cases  (double  cyanides, 
stannic  chloride,  cadmium  iodide,  for  instance)  these  transport 
numbers  may  suggest  definite  views  as  to  the  constitution  of  the 
electrolyte.  In  the  following  paragraphs  I  shall  briefly  discuss 
the  bearing  of  transport  measurements  on  the  hypothesis  of 
hydrated  ions,  and  on  that  of  the  possible  movement  of  undis- 
sociated  molecules  of  the  electrolyte ;  and  I  shall  explain  the 
methods  of  calculating  the  concentrations  and  mobilities  of  the 
complex  ions  or  products  of  hydrolysis  that  may  be  assumed  to 
exist  in  the  solutions  of  certain  salts.  A  few  measurements 
which  are  not  easily  reconcilable  with  the  prevalent  theory  of 
solutions  are  collected  under  the  heading  "  anomalous  results.'* 

Hydrated  Ions. 

In  a  solution  of  sodium  chloride  (to  take  a  concrete  example) 
it  is  customary  to  assume  the  ions  Na'  and  CI'  together  with 
water  and  undissociated  molecules  of  NaCl.  It  is,  however, 
possible  to  assume  the  existence  of  hydrated  ions :  (Na-fxH,0)'  , 
and  (CI  +  yH,0)',  or  of  complex  ions,  or  even  that  the  undis- 
sociated NaCl  moves  towards  one  of  the  electrodes,  under  the 
influence  of  a  fall  of  potential,  as  colloids  do. 

If  hydrated  ions  be  assumed,  it  is  evident  that  in  calculating 
the  transport  numbers  from  the  experimental  data,  allowance 
must  be  made  for  the  water  carried  by  them  into  the  electrode 
compartments  and  set  free  at  the  electrodes.  I  have  shown 
elsewhere x  that  this  correction  may  be  expressed  by  the  formula 

f-ry- -jXJC,  in  which  1K  and  1A  represent  the  mobilities  of 

1Zeit.  f.  Elektrochemie,  //,  216  (1905). 
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the  cation  and  anion  respectively,  x  and  y  the  number  of  g-mols 
of  water  combined  with  one  equivalent  of  each  ion,  A  the 
equivalent  conductivity,  and  C  the  total  concentration  of  the 
electrolyte  expressed  as  the  number  of  g-equivs  solute  in  one 
g-mol  water.  Thus  it  is  evident  that  if  the  transport  num- 
bers of  the  hydrated  ions  are  to  be  very  different  from  those  of 
Na'  and  CI7,  either  the  ions  must  differ  widely  in  mobility  and 
have  a  large  amount  of  combined  water,  or  the  difference  in 
hydration  of  the  ions  must  be  great.  The  numerical  example 
given  in  the  paper  quoted  shows  that  in  general  the  change  in 
the  transport  number  caused  by  assuming  that  the  ions  are  hy- 
drated, is  small.  In  very  concentrated  solutions,  however,  the 
difference  would  be  greater;  and  the  hypothesis  might  be 
checked  by  measuring  the  transport  of  some  non-electrolyte 
added  to  the  solution,  choosing  one  which  will  not  react  with 
the  electrolyte  in  question.1 

Movement  of  Undissocialed  Electrolyte. 

The  fact  that  transport  numbers  for  simple  electrolytes  are 
independent  of  the  concentration  discredits  the  hypothesis.  The 
movement  of  non-electrolytes  measured  by  Nernst,  Garrard  and 
Opperman2  and  by  Morgan  and  Kanolts  corresponds  to  a 
transport  number  of  the  order  of  magnitude  of  o.oi.  This  is 
however  a  negligible  quantity,  being  within  the  experimental 
error  of  most  measurements ;  and  the  alternative  assumption  of 
hydrated  ions  is  from  other  considerations  very  plausible.4 

Complex  Ions,  Hydrolysis. 

Three  methods  have  been  worked  out  for  dealing  with  elec- 
trolytic solutions  which  are  assumed  to  contain  complex  ions  in 
equilibrium  with  simpler  ions  and  undissociated  molecules ;  the 
first  was  developed  and  applied  by  Burgess  and  Chapman,  the 
other  two  by  myself.  The  first  and  second  methods  are  appli- 
cable to  special  cases  only ;  the  third  is  general,  and  may  also 
be  employed  in  dealing  with  hydrolysis. 

(i)  The  method  of  Burgess  and  Chapman 5  is  based  on  the 

1  Ibid.,  //,  961  (1905). 

*Nachr.  G6tt.  Akad.,  1900,  68. 

•Zeit.  phys.  Chem.,  48 >  365  (1904). 

4 See  Baur,  Ahren's  Sammlung,  8  (1903). 

•Jour.  Chem.  Soc.,  85,  1305  (1904). 
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• 

results  of  the  careful  study  that  has  been  devoted  to  solutions  of 
iodine  in  potassium  iodide  solutions.  Jakowkin  and  others  have 
shown  by  means  of  several  physico-chemical  methods  that  KI3 
and  KI  are  electrolytes  of  equal  degree  of  dissociation;  the 
dissociation  constant  for  the  reaction  T3  ^  I2  + 1  is  also  known, 
from  these  data  and  a  transport  determination  in  solutions  con- 
taining iodine  and  potassium  iodide  the  mobility  of  the  tri-iodion 
was  calculated,  and  found  to  agree  with  that  calculated  from 
conductivity  measurements  assuming  that  the  dissociation  of 
potassium  tri-iodide  is  the  same  as  that  of  potassium  iodide. 

(ii)  In  solutions  of  the  haloid  salts  of  cadmium  and  zinc  the 
transport  of  the  halogen  increases  rapidly  with  the  concentra- 
tion, and  finally  approaches  a  maximum.  This  may  be  in- 
terpreted by  assuming  that,  when  the  maximum  is  reached,  the 
concentration  of  the  simple  ions  is  negligibly  small ;  by  making 
suitable  assumptions  as  to  the  formula  of  the  complex  its  trans- 
port number  may  be  calculated,  and  from  the  experimental 
numbers  for  intermediate  concentrations  the  relative  amounts  of 
simple  and  complex  ion  may  be  obtained. 

In  the  case  of  cadmium  iodide 1  the  numbers  so  arrived  at  are 
in  accord  with  freezing  point,  and  conductivity,  and  with  the 
requirements  of  the  mass  law.  The  applicability  of  the  method 
is  restricted  by  the  condition  that,  if  the  results  are  to  be  reliable, 
the  maximum  must  be  reached  before  the  solution  becomes  too 
concentrated. 

(iii)  The  third  method  is  based  on  the  assumption  that  in 
solutions  containing  a  number  of  ions  the  migration  of  each  is 
given  by  the  product  of  its  concentration  into  its  migration 
velocity.  This  view  was  advanced  by  Hittorf  in  1857 ;  it  has 
been  tested  and  confirmed  by  numerous  experimenters  with 
known  mixtures  of  two  simple  salts  having  a  common  ion ;  and 
it  has  been  used  in  the  mathematical  developments  of 
Kohlrausch.2 

Let  u9  v9  wf  x,  represent  the  mobilities  of  the  ions  K",  Cd**, 

lR.  Schrader,  Zeit.  f.  Elektrochem.,  j,  498  (1897).  E.  v.  Stackelberg,  Zeit. 
phys.  Chem.f  23,  493  (1897).  K.  Hopfgartner.,  Zeit.  phys.  Chem.,  2J>  115 
(1898).  H.Jahn,  Zeit.  phys.  Chem.,  27,  354  (1898).  H.  Hotfmeister,  Zeit. 
phys.  Chem.,  *7,  345  (1898).  E.  Berliner,  Dissertation,  Berlin,  1902  —  to  appear 
this  Winter  with  other  work  from  Jahn's  laboratory  in  the  Zeit.  phys.  Chem. 

»  Wied.  Ann.,  6*,  209  (1897). 
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I',  and  Cdls'  respectively,  in  a  solution  of  potassium  cadmium 
iodide ;  and  a,  b9  c9  d,  their  concentrations  expressed  as  gram- 
equivalents  per  cubic  centimeter.  Three  of  the  mobilities,  viz. : 
u9  v,  wy  may  be  taken  as  known ;  and  among  the  four  concen- 
trations there  must  exist  the  relation 

a  +  b  =  c  +  d 

so  that  four  of  the  eight  symbols,  «,  v9  «/,  x,  a,  b,  c,  d9  repre- 
sent unknowns.  Four  experiments  giving  four  independent 
relations  involving  these  four  are  therefore  necessary  in  order 
to  determine  the  concentration  of  each    of  the  ions,  and  the 

mobility  of  Cdl3'.     Such,  for  example,  are  the  following : 

i.  The  specific  conductivity  x  may  be  determined  ;  by  Kohl- 

rausch's  law 

au  +  bv  +  cw  +  dx  =  x. 

2.  The  quantity  of  potassium  which  enters  the  cathode  com- 
partment during  the  passage  of  one  f  araday  through  the  solu- 
tion may  be  determined ;  it  is  au/x  equivalents. 

3.  Similarly,  the  net  gain  of  cadmium  in  the  anode  compart- 
ment per  faraday,  is  (idx  —  bv)/x  equivalents. 

4.  And  the  gain  of  iodine  at  the  anode  per  faraday : 
(cw  +  $dx)/x  equivalents. 

These  are  not  the  only  experiments,  however,  that  might  be 
employed.  By  means  of  E.M.F.  measurements,  for  instance, 
the  concentrations  b  or  c  might  be  determined;  the  freezing 
point  gives  a  +  \b  +  c  +  d,  etc.  The  experiments  thus  furnish 
more  equations  than  unknowns,  and  the  surplus  may  be  used  to 
check  the  theory.  This  has  been  done  in  my  paper1  in  which 
the  concentrations  were  calculated  from  transport  measurements 
and  one  E.M.F.  determination ;  the  results  so  obtained  are  ia 
accordance  with  the  conductivity  and  freezing  points. 

It  may  be  remarked  that  when  the  number  of  analytical  com- 
ponents among  the  ions  of  a  solution  is  represented  by  «,  the 
migration  of  the  »-th  may  be  calculated  from  those  of  the 
remaining  n  —  1  by  means  of  the  stoechiometrical  relations. 
Hence  agreement  between  the  directly  measured  migration  of 
the  ?i-th  component  and  the  calculated  value  is  the  best  proof 
that  unsuspected  ions  (due  to  hydrolysis,  for  example)  have  not 
been  overlooked. 

JZcit.  f.  Elcktrochem.,  //,  961  (1905). 
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Anomalous  Results. 

Of  remarkable  results  there  are  many.  Highly  interesting 
are  the  researches  of  Daniell  and  Miller  in  1844.  These  well 
known  and  capable  experimenters,  fully  alive  to  the  significance 
of  the  results  they  were  obtaining,  found  that  in  many  cases 
components  now  recognized  as  cations  did  not  move  at  all. 
Later  measurements  agree  in  showing  that  in  these  very  solutions 
the  cation  moves  about  as  fast  as  the  anion.  Hittorf  and  others 
have  suggested  explanations  for  Daniell  and  Miller's  results, 
but  unfortunately  the  explanations  suggested  only  make  things 
worse. 

Chassy,  in  1890,  made  a  number  of  measurements  with 
mixtures  of  two  and  more  electrolytes.  His  results  are  sum- 
marized by  Ponsot1  and  are  quite  at  variance  with  the  pre- 
dictions of  the  present  theory ;  his  is  the  only  experimental 
work  in  this  field. 

Bein,  in  1898,  found  for  ammonium  hydroxide  a  transport 
number  widely  different  from  that  predicted  by  Kohlrausch's 
law  of  the  independent  migration  of  the  ions.  In  1904  I  obtained 
a  similar  result  for  acetic  and  propionic  acids.  These  are  the 
only  measurements  that  have  been  made  with  very  weak  electro- 
lytes, and  all  three  obey  Ostwald's  law;  these  results  should 
not  be  so  difficult  to  believe  when  Jahn  and  Nernst  hold  that  the 
mobility  of  an  ion  varies  greatly  with  the  concentration,  without 
any  more  evidence  than  that  the  conductivity  and  freezing 
points  which  agree  so  well  with  one  another  both  refuse  to  obey 
Ostwald's  law,  although  the  latter  does  not  take  into  account 
the  possible  displacement  of  the  equilibrium  by  the  electrical 
forces. 

The  accurate  measurements  of  Noyes  and  Sammet  in  1902. 
gave  a  result  for  hydrochloric  acid  differing  by  four  percent 
from  that  calculated  from  the  careful  conductivity  measurements 
of  Goodwin  and  Haskell  ;s  the  transference  measurements  have 
been  confirmed  in  Jahn's  laboratory  by  Joachim,  and  the  diver- 
gence has  to  be  regarded  as  real.  Divergences  equally  great 
even  amongst  the  most  carefully  measured  electrolytes  are  so 

1  Comptes  rendus,  /j8f  192. 
*Phys.  Review,  79,  369  (1904). 
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common,  that  Luther  has  come  to  the  conclusion  that  it  is  not 
worth  while  discussing  whether  Kohlrausch's  Law  is  strictly 
quantitative  or  not  until  the  experimental  data  are  more  reliable. 

QUALITATIVE    EXPERIMENTS. 

Qualitative  or  semi-quantitative  experiments  are  sufficient  to 
show  whether  a  given  component  of  a  solution  moves  toward 
the  anode  or  toward  the  cathode  during  electrolysis.  In  order 
that  the  results  may  be  decisive  as  to  the  constitution  of  the 
solution,  however,  further  experiments  must  be  made  to  find 
whether  or  no  the  component  in  question  is  present  in  colloidal 
form ;  this  has  been  done  in  recent  papers  from  the  Leipsic 
laboratory. 

If  the  experiment  is  carried  out  by  electrolysing  the  solution 
between  two  other  "  electrode  solutions,"  the  presence  of  one 
of  the  components  of  the  intermediate  solution  in  the  cathode 
compartment  may  justly  be  regarded  as  evidence  that  the  com- 
ponent in  question  formed  a  constituent  of  some  cation ;  the 
converse,  however,  is  not  necessarily  true.  It  is  possible  that 
the  component  which  in  the  intermediate  solution  formed  part 
of  a  cation  might  have  acted  as  anion  in  the  cathode  solution, 
and  that  it  was  consequently,  in  large  part  at  least,  driven  out 
as  soon  as  it  entered.  The  experiments  of  Richards  and  Bonnet 
in  1904,  and  of  Lind  in  1903,  offer  a  case  in  point ;  the  authors 
are  however  doubtless  justified  in  the  conclusions  which  they 
draw,  for  the  rate  of  transformation  of  the  various  modifications 
of  chromic  sulphate  into  each  other  is  notoriously  slow. 

ARRANGEMENT    OF    THE    ABSTRACTS,  ABBREVIATIONS    USED. 

In  the  following  abstracts  general  information  is  given  in  a 
paragraph  which  does  not  require  further  explanation.  In  the 
tables,  the  first  column  gives  the  chemical  measured ;  the  sec- 
ond the  concentration  (m  denotes  mols,  that  is  gram-formula- 
weights)  ;  the  third  the  temperature ;  the  fourth  the  number  of 
grams  of  silver  or  copper  deposited  in  the  voltameter,  indicated 
by  the  abbreviation  "  g  Ag,"  ««  g  Cu,"  etc. ;  the  fifth  the  per- 
cent change  in  the  composition  of  the  middle  (supposedly  unal- 
tered) portions,  calculated  by  myself ;  the  sixth,  the  number  of 
experiments  ("  ex  ") ;  the  next  indicates  which  electrode  solution 
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was  analyzed,  ««  a"  denoting  the  anode  compartment,  "  c"  the 
cathode  compartment,  and  *  *  ac  "  meaning  that  both  were  analyzed 
and  used  in  computing  the  transport  number ;  next  comes  the 
transport  number  of  the  anion,  here  the  cipher  before  the  decimal 
point  is  always  omitted,  and  the  number  is  filled  out  to  three 
decimal  places  by  dashes  when  the  experiments  were  less  ac- 
curate; attached  to  the  transport  number  is  given  half  the 
maximum  divergence  (multiplied  by  1,000)  between  the  indi- 
vidual results,  preceded  by  the  sign  ±. 

Thus  "  23  ex  a  .170  ±4"  means  that  23  experiments  were 
performed,  the  analyses  at  the  anode  compartment  were  used 
to  compute  the  transport,  the  transport  number  found  for  the 
anion  was  0.170,  the  maximum  divergence  between  the  indi- 
vidual results  was  0.008.  Very  inaccurate  experiments  would 
be  given  as  follows :  "  5  ex  ac  .51  —  ±  67  "  meaning  that  the 
transport  number  found  is  0.51,  and  the  difference  between  the 
two  extreme  results  was  0.134.  Noyes'  results  are  given  thus : 
"  ac  .1657  ±  2.3  "  meaning  0.1657  with  a  maximum  difference 
between  the  results  of  0.0046.  I  am  convinced  that  this  maxi- 
mum divergence  does  not  in  most  cases  give  an  exaggerated 
impression  of  the  inaccuracy  of  the  experiments. 

The  arrangement  just  described  is  followed  as  far  as  possi- 
ble ;  often,  however,  a  column  is  left  out  when  the  data  are 
lacking,  or  when  they  have  been  given  in  the  paragraph  at  the 
top.  Extra  columns,  special  arrangements  of  the  data,  etc., 
are  explained  in  each  special  case. 

In  deciding  what  experiments  it  was  fair  to  average  together, 
in  almost  all  cases  I  have  been  much  more  tender  with  the 
results  than  the  authors  themselves ;  many  authors  show  what 
they  think  of  their  own  results  by  averaging  together  all  their 
values,  even  when  obtained  under  different  conditions  of  tem- 
perature and  concentration.  When  only  one  experiment  was 
performed  under  each  set  of  experimental  conditions,  I  did  not 
feel  justified  in  averaging  the  results  even  where  their  accuracy 
seemed  questionable.  Thus  I  have  tried  to  give  the  experi- 
ments the  benefit  of  the  doubt ;  the  reader  should  take  this  into 
account  when  trying  to  decide  in  any  particular  case  whether 
the  transport  numbers  really  vary  with  the  temperature,  etc., 
or  not. 
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ABSTRACT  OF  THE  LITERATURE  OF  ELECTROLYTIC 

MIGRATION, 
i Si 4.  R.  Porrett. 

Abstracts  Phil.  Trans.,  /,  510,  from  Phil.  Trans.,  p.  519.  On  the  Nature  of 
the  Salts  termed  Triple  Prussiates,  and  on  Acids  formed  by  the  Union  of  certain 
Bodies  with  the  Elements  of  Prussic  Acid. 

The  author  observed  the  movement  of  Fe  and  of  K  in  the 
electrolysis  of  ferrocyanic  acid  solution. 

1833.  M.  Faraday. 

Experimental  Researches  in  Electricity,  fifth  series,  III,  Theory  of  Electro- 
chemical Decomposition.  Phil.  Trans.,  /*j,  682,  525-530.  Ostwald's  Klas- 
siker,  86,  85.     Pogg.  Ann.,  j*,  436. 

Two  pieces  of  apparatus,  each  consisting  of  two  electrode 
cups  connected  by  a  strip  of  asbestos,  were  set  up  in  series. 
One  was  filled  with  sulphuric  acid  of  specific  gravity  1.0212, 
the  other  with  a  chemically  equivalent  solution  of  sodium  sul- 
phate. Pt  electrodes  were  used  and  the  contents  of  the  four 
cups  were  weighed  and  titrated  before  and  after  the  electrolysis. 
The  change  in  acidity  in  each  cup  of  the  sodium  sulphate  ap- 
paratus was  2I-3  times  as  great  as  in  the  sulphuric  acid  appa- 
ratus. The  sulphuric  acid  contained  a  small  percentage  of 
inorganic  sulphates.  (From  these  experiments  it  would  follow 
that  in  sulphuric  acid  n  for  S04  lies  between  .4  and  .33.) 

1S39.  J.  F.  Daniell. 

On  the  Electrolysis  of  Secondary  Compounds.  In  a  letter  addressed  to  M. 
Faraday.     Phil.  Trans.,  i2gy  97. 

Apparatus  :  A  vertical  U-tube  with  two  diaphragms  of  bladder 
in  the  bend  ;  tubes  were  attached  to  collect  the  gases  from  each 
of  the  electrodes  separately.  The  current  was  measured  by  a 
water  voltameter.  In  seven  electrolyses  with  1-10  percent 
solutions  of  sulphuric  acid  the  migration  value  of  the  S04  was 
found  to  be  n  =  \.  In  one  of  these  experiments  a  Zn  anode 
was  employed,  in  the  others  Pt  electrodes  were  used.  As  a 
result  of  futher  electrolyses,  the  author  concluded  that  the  cur- 
rent was  carried  solely  by  the  electrolyte,  and  adopted  Davy's 
formulas  for  the  oxy-acids  and  their  salts,  and  those  of  Berzelius 
for  the  ammonium  salts. 
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1840.  J.  F.  Daniell. 

Second  letter  on  the  Electrolysis  of  Secondary  Compounds.  Addressed  to 
M.  Faraday.     Phil.  Trans.,  ijot  209. 

The  author  electrolyzed  various  solutions  in  an  apparatus 
consisting  of  two  electrode  compartments  connected  to  a  third 
cell  by  a  siphon  with  partitions  of  membrane.  The  total  elec- 
trolysis was  determined  by  measuring  the  gases  evolved.  The 
solutions  in  each  of  the  three  cells  were  analyzed.  In  the  ex- 
periments with  caustic  alkalis  the  membranes  were  replaced  by 
porous  earthenware. 

H,S04  specific  gravity  1.076  *  =  } 

HjP04  6-1 1  percent  n  =  J 

KOH  h  =  \ 

Ba(OH),  specific  gravity  1.0085  n  =  t 

Sr(OH),  specific  gravity  1.007  * =  1 

K,S04  n  =  J 

1844.  J.  F.  Daniell  and  W.  A.  Miller. 

Additional  Researches  on  the  Electrolysis  of  Secondary  Compounds.  Phil. 
Trans.,  134,  1 ;  Pogg.  Ann.,  64,  18. 

Apparatus :  a  horizontal  cylinder  divided  into  three  compart- 
ments by  vertical  partitions  of  bladder.  The  Pt  electrodes  were 
placed  in  the  end  compartments  which  were  provided  with  tubes 
for  collecting  the  gases  evolved.  A  water  voltameter  was  placed 
in  the  circuit. 

Experiments  with  copper  sulphate,  zinc  sulphate,  and  ammo- 
nium chloride  showed  that  the  cation  was  not  moved  by  the 
current.  For  potassium  sulphate,  barium  nitrate,  and  calcium 
sulphate,  the  migration  values  were  respectively  n  =*  },  n  =*  £, 
n  —  \h  Semi-quantitative  experiments  showed  that  both  ions 
were  moved  in  the  cases  of  sodium  tungstate,  potassium  chro- 
mate,  potassium  arsenite,  and  sodium  carbonate ;  in  the  case  of 
sodium  chloride  the  chlorine  was  moved  in  greater  amount  than 
the  sodium. 

Further  experiments  were  carried  out  with  copper  sulphate, 
aluminium  sulphate,  ferric  sulphate,  magnesium  potassium  sul- 
phate, potassium  aluminium  alum,  potassium  copper  sulphate, 
potassium  sulphocyanide,  potassium  cyanide,  potassium  ferro- 
cyanide,  potassium  ferricyanide,  potassium  sulphate,  ammonium 
oxalate,  potassium  arsenite,  potassium  arseniate,  sodium  sul- 
phite, sodium  hyposulphite,  and  the  phosphates  of  sodium. 
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1845.  M.  Pouillet. 

Note  6ur  l'electrochimie.    Com p tee  rendu6,  20 >  1  6em.,  1544. 

Apparatus :  a  U-tube ;  capacity  10  c.c. ;  Pt  electrodes ;  no 
diaphragms ;  no  middle  portion ;  a  water  voltameter. 

The  author  found  no  transport  of  gold  in  solutions  of  gold 
chloride;  for  the  chlorides  of  iron,  manganese,  and  cobalt 
n  «  .66  —  ;  for  other  chlorides  n  lay  between  .7  —  and  .8  — . 
The  author  deduced  that  the  action  of  the  electrodes  is  unequal 
owing  to  the  positive  and  negative  constituents  of  an  electrolyte 
having  electric  charges  opposite  in  sign  but  unequal  in  amount. 

1853.  w.  Hittorf. 

Ueber  die  Wanderungen  der  Jonen  wfthrend  der  Elektrolyse.  Pogg.  Ann.,  8g, 
177,  Ostwald's  Klassiker,  21. 

Apparatus :  (i)  a  short  wide  glass  cylinder  of  which  the  two 
parts  could  be  isolated  by  sliding  the  upper  half  sideways ; 
capacity  44  c.c. ;  the  anode  consisted  of  the  metal  corresponding 
to  the  electrolyte ;  the  cathode  was  of  Ag.  No  middle  portion ; 
no  diaphragms.  In  the  second  column  are  given  the  number 
of  grams  of  water  in  which  one  gram  of  salt  was  dissolved. 


C11S04 

6.35 
9-56 
18.1 

40-148 
9-56 

5° 
5° 
4° 

4° 

20° 

*gAg 

1 

0.9 

o-5 

'•4 

i 

• 

1 
i 
i 

• 

1 

iex 

3 

1 

3 
1 

c.724 
c.712 
c.675 
c.644 

c.713 

AgNO, 

2.48 

2.73 

5.18 

11° 

19° 

1 8° 

I2gAg 

1.9 

1.1 

i 

i 

• 

1 

iex 

1 

1 

c.468 
c.478 

c.495 

10.4 
H-247 

19° 
19° 

0.5 
0.2 

• 

1 
i 

1 
5 

c.51  — 
c.526 

Ag,S04 

123 

17° 

o.ig  Ag 

i 

3« 

c-554 

AgC,H$Ot 

127 

i.S° 

o.2g  Ag 

i 

3ex 

C373 

AgNO, 

30-9 

4° 

o.2g  Ag 

i 

2ex 

c.573  in  ethyl  alcohol. 

1856.  W.  Hittorf. 

Ueber  die  Wanderungen  der  Jonen  wahrend  der  Elektrolyse.  Pogg.  Ann., 
o£,  1,  Ostwald's  Klassiker,  21, 

Apparatus :  (ii)  Cathode  cylinder  fitted  into  neck  of  anode 
cylinder ;  capacity  about  80  c.c. ;  Ag  cathode ;  no  middle  por- 
tion ;  no  diaphragms.  (Hi)  Horizontal  cylinder  divided  by  two 
partitions  of  porous  earthenware  into  three  compartments,  (iv) 
Four  superposed  glasses,  with  diaphragm  of  intestinal  mem- 
brane (Darmhaut) ;  the  upper  (cathode)  vessel  contained  free 


1856  Wiedemann]  ABSTRACT  1 7 

acid;  the  middle  portion  was  tested  for  acid  and  cadmium. 
This  apparatus  (iv)  was  made  in  four  sizes  for  solutions  of  dif- 
ferent concentrations;  the  smallest  anode  vessel  contained  12 
c.c,  the  largest  238  c.c. ;  Pt  cathode,  Cd  anode. 

In  the  second  column  are  given  the  number  of  g  water  in 
which  one  g  of  salt  are  dissolved. 


CuS04 

956 

o.8g  Ag 

•  • 

11 

iex 

a. 7 16  Cu  anode. 

1 1.6 

2.0 

Hi 

2 

a.704    "      " 

KC1 

4-85 

12° 

i.ig  Ag 

iv 

1  ex 

a.516 

6.61 

4° 

0.7 

iv 

2 

a.516 

18.4 

7° 

0.8 

iv 

1 

a-5*4 

39-4 

9° 

0.7 

iv 

2 

a-5i5 

254 

50° 

0.6 

iv 

2 

a-5*5 

449 

900 

0.4 

iv 

1 

a-5<>3 

KBr 

2.36 

12° 

°-7g  Ag 

iv 

aex 

a.528 

117 

7° 

0.7 

iv 

2 

a.513 

Kl 

2.7-8.5 

1-12° 

o.Sg  Ag 

iv 

3ex 

a.511 

170.3 

3° 

0.4 

iv 

1 

a.492 

K,S04 

12 

4-120 

o-9g  Ag 

iv 

2ex 

a.500 

413 

7° 

o.3 

iv 

2 

a.498 

KNO, 

5.8 

9° 

<Mg  Ag 

iv 

aex 

a-45<> 

KC,H,0, 

1.4-48 

14° 

°-7g  Ag 

iv 

2ex 

a-335 

NH4C1 

5.28 

12° 

i-ig  Ag 

iv 

iex 

a-5»7 

12.2 

IO° 

i-5 

iv 

1 

• 

a.5H 

28.0 

IO° 

0.9 

iv 

1 

a.514 

175 

7° 

0.7 

iv 

1 

a.508 

1856.  G.  .Wiedemann. 

Ueber  die  Bewegung  der  Flussigkeiten  im  Kreise  der  geschlossenen  galvan- 
ischen  Saule  und  ihre  Beziehungen  zur  Elektrolj-se.     Pogg.  Ann.,  99,  177. 

Apparatus :  two  glass  jars  connected  by  a  wavy  siphon, 
capacity  200  c.c. ;  Pt  electrodes ;  no  diaphragms ;  no  middle 
portion.  Blank  experiments  showed  the  existence  of  an  un- 
changed middle  portion  in  the  cases  of  sodium  sulphate  and 
potassium  iodide. 

Hittorf,  Pogg.  Ann.,  ioj,  8,  shows  that  the  results  are  incor- 
rectly calculated.  In  the  electrolyses  of  the  copper  salts  between 
Pt  electrodes,  the  acid  formed  at  the  anode  reached  the  cathode 
portion,  and  Wiedemann  points  out  that  the  current  was  partly 
carried  by  free  acid. 

A  further  series  of  determinations  were  made  using,  porous 
earthenware  diaphragms,  repeating  the  experiments  with  sul- 

Proc.  Wash.  Acad.  Sc!.,  June,  1907. 
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phuric  acid,  nitric  acid,  copper  sulphate,  copper  nitrate  and 
silver  nitrate.  The  results  when  corrected  for  cataphoresis 
corresponded  with  the  numbers  obtained  with  the  apparatus 
described  above  in  which  diaphragms  were  avoided. 

The  concentrations  are  indicated  in  the  second  column  in 
grams  of  S04,  NOa,  etc.,  per  100  c.c. 


H,S04 

2-14  S04 

i.3-2.4g  Cu 

3ex 

ac.i8odb6 

HNO, 

7.7    NO, 
4.2    NO, 

2.og  Cu 
2.0 

1  ex 

1 

a.  148 
a.  142 

KOH 

2.23  K 
2.09  K 

o.6g  Cu 
0.6 

1  ex 
1 

ac.245 
ac.215 

NaOH 

3.13  Na 
2.63  Na 

i.ig  Cu 
1.1 

xex 
1 

ac.161 
ac.153 

CuS04 

3^7  Cu 
1.52  Cu 

3-17  Cu 
2.54  Cu 
1.78  Cu 
1.52  Cu 

i-4g  Cu 
0.7 

0.5 
05 
0.3 
o-3 

1  ex 

1 
1 
1 
1 
1 

ac.181 
ac.186 
ac.360 

ac.355 
ac.321 

ac.339 

Copper  anode. 

<<             n 
it             t( 

Cu(NO,), 

1.66  Cu 
2.72  Cu 

o.9g  Cu 
0.9 

1  ex 
1 

ac.241 
ac.368 

Copper  anode. 

AgNO, 

1.92  Ag 
2.96  Ag 
2.66  Ag 

i-3g  Ag 

i.6 

1.0 

1  ex 

1 

1 

ac.236 

ac.535 
ac.521 

Silver  anode. 

t<          <i 

NaCl 

1.94  Na 

o.6g  Cu 

1  ex 

ac.378 

185 7.     A.  Weiske. 

Die  Ueberf tihrung  des  Chlors  bei  der  Elektrolyse  seiner  Verbindungen  mit  den 
Metallen  der  Alkalien  und  alkalischen  Erden.  Pogg.  Ann.,  /oj,  466,  Habi- 
tations Dissert. 

Apparatus :  two  flasks  connected  by  a  straight  tube  with  a 
glass  cap ;  capacity  100  c.c. ;  no  diaphragms  ;  no  middle  portion. 

The  calculation  is  based  (incorrectly)  upon  constant  volume 
of  solution. 

The  author  discusses  the  prevalent  theories  of  electrolysis. 


KCl 

1-10 

percent 

°-4g  Ag 

ioex 

C5l6dr  9 

NaCl 

9.21 

percent 

°-4g  Ag 

4ex 

c.686  ±  8 

2.86 

<i 

0.4 

4 

c.685  db  9 

0.844 

n 

0.2 

1 

c.680 

CaCl, 

i-9 

percent 

°-3g  Ag 

oex 

c690±8 

BaCl, 

0.5-8 

percent 

o-3g  Ag 

8ex 

c.531  ±  9 

SrCl, 

1.07 

percent 

o-3g  Ag 

4ex 

c.648  zh  8 

o.757 

t< 

o-3 

3 

c.650  ±  9 

0.146 

i* 

0.2 

1 

c.655 
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1858.     W.  Hittorf. 

Pogg.  Ann.,  iojt  1 ;  Ostwald's  Klassiker,  21. 

Apparatus :  (iv)  see  Hittorf,  1856.  In  these  experiments 
a  Zn  anode  was  used  and  the  cathode  was  surrounded  by  a 
solution  of  potassium  chloride ;  (v)  four  superposed  glasses  of 
which  the  uppermost  contained  the  anode  and  the  lowest  the 
cathode.  The  cathode  was  bent  into  the  form  of  a  U-tube  to 
permit  the  escape  of  hydrogen.  Earthenware  and  bladder 
diaphragms. 

In  the  second  column  are  given  the  number  of  grams  of 
water  in  which  one  gram  of  salt  was  dissolved. 


KCl 

5-2-5-6 

i.og  Ag 

iv 

Sex 

a-5i3 

98 

I.Og 

iv 

8 

a.509 

3-8-5-5 

o-5 

V 

2 

c.501 

KNO3 

4*62 

12° 

o.6g  Ag 

V 

iex 

c.479 

963 

ii° 

0.8 

V 

1 

c.487 

3i-5 

7° 

0.4 

V 

1 

c.494 

94.1 

8° 

0.7 

V 

1 

c.497 

KC,HsO, 

1-3-94 

14° 

o.8g  Ag 

V 

3ex 

c-33i 

In  addition  experiments  are  detailed  showing  that  in  solutions 
containing  potassium  iodide  and  potassium  chloride  both  I  and 
CI  are  transported  by  the  current. 

1859.  W.  Hittorf. 

Pogg.  Ann.,  1061  337,  513.     Ostwald's  Klassiker,  23. 

Apparatus :  (ii)  See  Hittorf,  1856.  (iv)  See  Hittorf,  1856, 
for  the  experiments  with  potassium  cyanide  the  membranes 
were  replaced  by  porous  earthenware ;  in  the  experiments  with 
the  alkaloid  hydrochlorides  the  cathode  was  surrounded  by  hy- 
drochloric acid,  (v)  See  Hittorf,  1858.  (vi)  Five  superposed 
glasses  with  membranes.  Anode  of  Cd  in  the  lowest  vessel,  Pt 
cathode  in  the  uppermost.  The  anode  was  surrounded  with  a 
protecting  solution :  potassium  acetate  in  the  experiments  with 
potassium  oxalate,  potassium  chloride  in  those  with  potassium 
chromate,  sodium  chloride  in  those  with  sodium  mono-  and  di- 
sodium  phosphates,  sodium  nitrate  in  those  with  sodium  phos- 
phate and  pyrophosphate  and  also  with  iodic  acid ;  (vii)  an 
anode  vessel  closed  at  the  bottom  with  membranes  was  fitted  to 
the  top  of  the  cathode  U-tube ;  Pt  electrodes.     In  the  experi- 
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ments  with  potassium  cyanide,  sodium  platinichloride,  and  potas- 
sium gold  chloride,  the  silver  anode  was  placed  at  the  top  and 
surrounded  with  the  solution  of  potassium  cyanide. 

In  the  second  column  are  given  the  number  of  grams  of 
water  in  which  one  gram  of  salt  was  dissolved.  In  the  sixth 
column  are  recorded  the  weights  of  the  anode  portions  (includ- 
ing protecting  solutions  if  any). 

K,c,04 

KCr04 
K,Cr,0T 
KC104 
KCIO, 


KCN 


NaCl 


Nal 
N%S04 

NaNO, 
NaC,H,Ot 


BaCl, 


Ba(NO$), 


CaCl, 


4.18 

i-igAg 

vi 

26g 

iex 

a  .441 

954 

Mg  Ag 

vi 

*3g 

1  ex 

a  .512 

14.6 

<Mg  Ag 

iv 

8g 

iex 

a  .502 

119 

o-3g  Ag 

IV 

220g 

iex 

a  .463 

26.6 

<>-4g  Ag 

IV 

Gog 

iex 

a  -445 

"5 

0.4 

iv 

220g 

1 

a  .462 

7.66 

°-4g  A8 

iv 

I2g 

iex 

a  -457 

">5 

0.15 

iv 

5*g 

1 

a  .47- 

3-47 

13° 

i.og  Ag 

iv 

"g 

iex 

a  .648 

5-54 

9° 

0.9 

iv 

"g 

2 

a  .647 

20.7 

160 

1.1 

iv 

33g 

1 

a  .634 

">5 

17° 

0.4 

iv 

33g 

1 

a  .628 

315 

6° 

o-5 

iv 

2IOg 

4 

a  .620 

22.1 

<Mg  Ag 

iv 

3*g 

iex 

a  .626 

11. 8 

9° 

o.9g  Ag 

iv 

34g 

iex 

a  .641 

50.7 

9° 

0.6 

iv 

32g 

1 

a  .634 

2.07 

i.2g  Ag 

iv 

I5g 

iex 

a  .588 

2.99 

9° 

0.8 

iv 

"g 

1 

a  .600 

34-128 

12° 

0.4 

iv 

«>5-2IOg  4 

a  .614 

2.81 

8° 

i.og  Ag 

iv 

IOg 

iex 

a  .41.S 

7.18 

13° 

0-5 

iv 

IOg 

1 

a  .421 

4i.3 

6° 

1.2 

iv 

2IOg 

1 

a  .424 

84.6 

110 

0.6 

iv 

2lOg 

1 

a  .443 

3.2-3.8  6-14° 

lgAg 

iv 

I2g 

4ex 

a  .662 

8-39 

19° 

i-7 

iv 

35g 

1 

a  .642 

79.6 

20° 

0.4 

iv 

6og 

1 

a  .616 

126 

IO° 

0.4 

iv 

2IIg 

2 

a  .614 

16.2 

8° 

0.2g  Ag 

iv 

59g 

iex 

a  .641 

56.5 

H° 

0.14 

iv 

59g 

1 

a  .620 

134 

n° 

0.6 

iv 

2IIg 

1 

a  .602 

1.70 

20° 

o-7g  Ag 

iv 

I2g 

iex 

a  .780 

2.07 

12° 

o.S 

iv 

I2g 

1 

a  .771 

2.36 

3° 

0.7 

iv 

12g 

1 

a  .765 

2.74 

10° 

M 

iv 

12g 

1 

a    749. 

3-95 

21° 

1.0 

iv 

I2g 

1 

a  .727 

21-229 

20° 

o-3 

iv 

32-58 

2 

a  .683 

138 

9° 

1.2 

iv 

2I5g 

1 

a  .673 
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Cal, 

132 

o.8g  Ag 

iv 

x6g 

iex  a  .732 

Ca(NOs), 

1.42 

7° 

o-7g  Ag 

iv 

I2g 

iex  a  .718 

3  96 

7° 

1-7 

iv 

12g 

z       a  .652 

zi2 

7° 

0.9 

iv 

*I5g 

1       a  .613 

MgCl, 

2.48 

6° 

<Mg  Ag 

iv 

"g 

iex  a  .806 

3-7 

'5° 

1.2 

iv 

u-37 

2       a  .778 

22.2 

14° 

0.8 

iv 

3*g 

1       a  .706 

128-241  6-15° 

0.4 

iv 

58-213 

2       a  .677 

^ 

Mgl, 

0.796 

i-ig  Ag 

iv 

x6g 

iex  a  .777 

Mgsq4 

5.28 

4° 

MgAg 

iv 

log 

iex  a  .762 

209 

5° 

o-5 

iv 

2I2g 

1       a  .656 

MnCl, 

3-3» 

7° 

Mg  Ag 

iv 

»g 

iex  a  .758 

190 

9° 

o-5 

iv 

a*.lg 

1       a  .682 

ZnS04 

2.52 

o-7g  Ag 

iv 

i6g 

iex  a  .778 

4-05 

z.o 

iv 

Hg 

1       a  .760 

267 

0.3 

iv 

220g 

1       a  .636 

FeCl, 

2.07 

*-3gAg 

vii 

Hg 

iex  "c  .746 

25.2 

0.2 

vii 

20g 

1       c  .600 

A1C1, 

22.7 

0-4g  Ag 

iv 

I2g 

iex  a  .714 

UO,Cl, 

10.4 

<Mg  Ag 

iv 

26g 

iex  a  .868 

Morphine  H.C1 

54-9 

o-3g  Ag 

iv 

9*g 

iex  a  .815 

Strychnine  H.C 

1    55.7 

o-Sg  Ag 

iv 

93g 

iex  a  .861 

HC1 

2.91 

*-3gAg 

iv 

»3g 

iex  a  .319 

9.86 

7° 

i-J 

iv 

9g 

1       a  .193 

36.2 

8° 

0.4 

iv 

9g 

1        a  .168 

82.3 

8° 

o-S 

iv 

56g 

1       a  .161 

141 

M 

iv 

220g 

1        a  .171 

321 

8° 

0.3 

iv 

2I2g 

1        a  .216 

2126 

6° 

0.3 

iv 

2Mg 

1       a  .210 

SnCl4l 

13-5 

o-4g  Ag 

•  • 

Vll 

Z2g 

iex  c  .180 

HBr 

8.65 

o.7g  Ag 

iv 

IOg 

iex  a  .178 

HI 

4.82 

o-7g  Ag 

iv 

>3g 

iex  a  .201 

117 

0.4 

iv 

88g 

1       a  .258 

H,S04 

o-557 

i-7g  Ag 

V 

^9g 

iex  a  .40c  Pt  anode 

1-438 

2.6 

V 

i5g 

1       a  .288  ••       " 

5-42 

i-3 

iv 

log 

1       a  .174  Cd    " 

33-3 

0.9 

iv 

58g 

i       a  .177  "      " 

98 

0.6 

iv 

I72g 

1       a  .212  "      " 

161 

0.4 

iv 

»74g 

1       a  .206  "      " 

HIO* 

13.3 

6.2g  Ag 

vi 

25g 

iex  a  .102  Ag    " 

Na4P,07 

35-6 

o-4g  Ag 

vi 

22g 

iex  a  .645    *'     " 

Na,P04 

26-19 

0.4-0.6 

vi 

23g 

2ex  a  — ■    "     " 

Na.PO, 

10.6 

o-5g  Ag 

iv 

!3g 

iex  a  .573 

1  Regarded  by  Hittorf  , 

as  i  part  HC1  in 

1  24.3  parts  water. 

*  Current  carried  most! 

yby 

alkali  resu 

lting 

from  hydrolysis. 
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K4.Fe(CN), 

5-30 

o.6g  Ag 

vii 

23g 

iex 

a  .482 

K.Ag(CN), 

7.71 

°-5g  Ag 

vii 

2Ig 

iex 

c  .406 

Na,.PtCl« 

1.87 

o.6g  Ag 

•  • 
Vll 

Mg 

iex 

c  .562 

131 

0.4 

vii 

22g 

c  -5'9 

KCl.AuCl, 

6.08 

o-3g  Ag 

•  • 

Vll 

*2g 

iex 

c    — 

35-9 

0.2 

vii 

2Ig 

c 

KCl.HgCl, 

7.37 

°-5g  Ag 

•  • 

Vll 

*4g 

iex 

c    

KC1.2HgCl, 

8.19 

o-3g  Ag 

•  • 

Vll 

23g 

iex 

c    

KCl^HgCl, 

9-59 

o.2g  Ag 

vii 

23g 

iex 

c    — 

K.Cdlj 

0.327 

i.og  Ag 

•  • 

Vll 

25g 

iex 

c  .43- 

KCd.I, 

2.30 

0.6 

ii 

12g 

iex 

a  .79-1 

58.7 

o-3 

•  • 

11 

«7g 

a  .560 

K.(C,H6)S04 

6.55 

o-3g  Ag 

iv 

9g 

iex 

a  .302 

NarHP04 

20-31 

o.6g  Ag 

vi 

22g 

iex 

a  .516 

K.H,P04 

7-59 

i.og  Ag 

vi 

*5g 

iex 

a  .277 

10.3 

0.7 

vi 

25g 

a  .266 

Na.H,P04 

5-7i 

o.9g  Ag 

vi 

26g 

iex 

a  .383 

Cdl, 

1.83 

o-3g  Ag 

•  • 

11 

i8g 

iex 

ai.258 

3-04 

n° 

0.7 

•  • 

11 

i6g 

ai.192 

4.28 

12° 

0.7 

ii 

i6g 

ai.14- 

18.1 

11° 

0.4 

•  • 

11 

Mg 

a  .931 

69.6 

0.2 

ii 

222g 

a  .642 

167 

IO° 

0.3 

•  • 

11 

220g 

a  .613 

Znl, 

0.664 

2.og  Ag 

•  • 

11 

23g 

iex 

a  1. 157  Zn  anode 

2.457 

2.1 

•  • 

11 

l6g 

a  .727  «• 

112.9 

O.4 

ii 

220g 

a  .675  " 

ZnCl, 

2.77 

i.8g  Ag 

ii 

l6g 

iex 

ai.08— " 

333 

0.4 

•  • 

11 

219g 

a  .700  "        " 

CdCl, 

1.27 

7-110  o.8gAg 

ii 

*7g 

3ex 

a  1. 015 

1.98 

7° 

1-7 

•  • 

11 

Mg 

a  .873 

2.76 

10° 

1.1 

ii 

*7g 

a  .779 

336 

IO° 

o.5 

•  • 

11 

*3g 

a  .772 

5-76 

1.0 

ii 

12g 

a  .744 

98.7 

8° 

0.6 

ii 

220g 

a  .725 

192 

n° 

0.5 

•  • 

11 

222g 

a  .708 

Cdl, 

1.107 

o.2g  Ag 

ii 

l6g 

iex 

a2.i02   Ethyl  alcohol 

1-394 

0.3 

ii 

*5g 

a2.ooi       "          *' 

1.695 

0.4 

ii 

Mg 

ai.909       "          " 

2.190 

0.4 

ii 

35g 

ai.848 

2.466 

0.3 

•  • 

11 

32g 

ai.827       "          •« 

2.466 

03 

•  • 

11 

33g 

ai.819       "          ** 

8.375 

0.3 

•  • 

11 

"g 

ai.552       •• 

37-23 

O.I 

•  • 

11 

29g 

ai.318       "          " 

1  For  interpretation  and  recalculation  of  these  results  see  J.  W.  McBain — Zeit. 
f.  Elektrochem.,  //,  215.     1905. 
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Znl, 

0.520 

o.7g  Ag 

11? 

2Ig 

xex  a2.x6iZ 

nan. Ethyl  ale 

0.707 

0.9 

ii? 

*9g 

1 

a2.oo8 

<4                       4t 

1-533 

0.8 

ii? 

*5g 

1 

ai.711 

tt                   tt 

1-534 

0.6 

11? 

*5g 

1 

ai.705 

tt                        It 

4-933 

0.2 

11? 

"g 

1 

ai.254 

it                        tt 

16.14 

0.2 

•  •  * 
11? 

30g 

1 

a  .747 

<t                        tt 

ZnCl, 

1.74 

o.9g  Ag 

11? 

*3g 

iex  ai.998 

tt                        tt 

6.79 

o-5 

ii? 

log 

1 

a  1. 538 

t(                         tt 

Cdl, 

3-179 

o.ig  Ag 

ii? 

ng 

iex 

a2.3— 

Arnyl  alcohol 

1868.  E.  Bourgoin. 

Du  role  de  Teau  dans  l'electrolyse.     Ann.  Chim.  Phys.  (4),  /j,  47. 

Apparatus  :  capacity  40  c.c. 

I  have  deduced  the  following  migration  values  from  the  ex- 
perimental data  afforded  by  the  work  of  the  author ;  the  calcu- 
lation is  based  (incorrectly)  upon  the  change  in  constant  volume 
of  solution,  not  upon  a  constant  weight  of  solvent. 


KOH 

1.68m 

iex 

ac.746 

x.14 

iex 

ac.749 

H2S04 

o.2-o.5m 

3ex 

ac.168 

HNO, 

1. 66m 

iex 

a  .126 

1868.  E.  Bourgoin. 

De  l'electrolyse  des  acides  organ  iques  et  de  leur6  sels.  Ann.  Chim.  Phys. 
U)»  '*  157- 

In  this  extended  investigation  carried  out  from  another  stand- 
point, in  no  case  are  sufficient  data  afforded  to  permit  of  the 
deduction  of  migration  values,  unless  possibly  in  the  case  of 
succinic  acid  (n  .6--  or  .3 —  ?). 

1870.  E.  Bourgoin. 

M^moire  sur  l'inegalite'  des  pertes  d'acide  et  de  sel  dans  le  voi6inagedes  p61es. 
Ann.  phys.  Chim.  (4),  */,  264. 

The  author  rejects  Hittorf's  explanation  of  the  changes  of 
concentration  during  electrolysis  in  favor  of  that  of  d' Almeida ; 
and  classifies  the  acids  according  as  the  acidity  at  the  anode 
increases  or  decreases  by  electrolysis. 

The  details  of  two  experiments  with  oxalic  acid  are  given. 
In  the  first,  the  loss  of  acid  at  the  cathode  was  one  third  of  that 
corresponding  to  the  hydrogen  collected  from  that  electrode. 
In  the  second,  the  loss  of  acid  was  three  times  as  great  at  the 
cathode  as  at  the  anode. 
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1878.  M.  Kirmis. 
Zur  Wanderung  der  Ionen.     Wied.  Ann.,  ^,  503. 

For  apparatus  see  Wiedemann,  1856;  capacity  no  c.c. ;  no 
diaphragms.  The  siphon  became  considerably  heated.  No 
middle  portion ;  anode  Cu,  and  cathode  Pt. 

The  calculation  is  incorrect  (based  on  constant  volume  of  so- 
lution, not  constant  amount  of  water). 

CuS04 


5.06 

percent    150 

4-5g  Ag 

3ex 

c.723 

4-83 

4° 

27 

3ex 

c.713 

352 

22° 

5-9 

3« 

c.702 

3-17 

13° 

4.8 

3ex 

c.690 

2.20 

44             24° 

2.0 

3ex 

c.686 

i-75 

230 

2.1 

3ex 

c.685 

1.04 

«            22o 

3-5 

3ex 

c.655 

0.497 

it                    gO 

i-5 

3ex 

c.641 

i-5 

o-8° 

— 

4ex 

c.780    Pt  anode 

1 881.  J.  Kuschel. 

DieBestimmungder  Ueberfiihrungszahlen  der  Ionen  fiir  Lithium- und  Kohlen- 
saureverbindungen.     Wied.  Ann.,  /j,  289;  Dissert.  Breslau. 

Apparatus :  (i)  superposed  glasses ;  diaphragms  of  gold- 
beaters' skin.  The  Pt  cathode  was  surrounded  by  free  acid, 
the  anode  was  of  Cd ;  the  middle  portion  was  tested  for  free 
acid  and  for  Cd.  (ii)  a  U-shaped  cathode  tube  with  three 
superposed  glasses ;  capacity  25-60  c.c. ;  Pt  electrodes.  In  the 
experiments  with  the  carbonates  the  middle  portion  was  tested 
for  neutrality  by  litmus  after  precipitation  by  barium  chloride. 
For  the  experiments  with  the  caustic  alkalis,  porous  earthen- 
ware was  substituted  for  the  diaphragms  of  gold-beaters'  skin. 

The  method  of  calculation  is  correct. 


KCl 

13-°-  23% 

— g  Ag 

LiCl 

6.89m 

1 8° 

<Mg  Ag 

3.21 

21° 

o-5 

1.78 

190 

0.4 

0.809 

17° 

0.4 

o-235 

15° 

0.2 

0.1 18 

H° 

o-S 

0.103 

13° 

0.4 

0.046 

160 

0.4 

0.039 

17° 

o-3 

Lil 

3.12m 

17° 

0.2 

z.41 

20° 

0.2 

4ex  .518 

lex        a.773 
2  a.753  ±  2 

2  a.738  db  9 

4  a.739  ±  7 

2  a.7i8±8 

a.694 

a.705 

a.670 

a.679 

ex        a.  7 19 

a.7i2±4 
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0.67 

i7° 

0.2 

i        2 

a.727  ±  17 

0.66 

19° 

0.2 

i         1 

a.700 

o.33 

19° 

0.2 

i        2 

a.  706  ±  1 

0.074 

16° 

0.2 

*        3 

a.692  db  9 

0.037 

H° 

O.I4 

*        3 

a. 702  ±  9 

0.014 

H° 

O.I 

i        2 

a.682  zfc  2 

K,CO$ 

8.112m 

26° 

o-5g  Ag        i 

i        2ex 

c.341  db  0 

3i5 

23° 

0.8                 2 

i        2 

C.404  dr  I 

v 

1. 61 

22° 

0.5                 i 

i        2 

C.416  db  O 

0.764 

22° 

03                 * 

i        2 

C437  ±  7 

0.441 

24° 

0.2                 \ 

i        1 

C434 

0.151 

21° 

0.2                 ] 

i        2 

c-377  =fc  3 

0.074 

24° 

0.14               \ 

i        2 

C372  =fc  4 

0.029 

24° 

0.07               \ 

i        2 

c.302  ±  7 

Na,COs 

2.84m 

23° 

°-4g  Ag        i 

i        2ex 

c.530  db  1 

0.985 

23° 

0.4                 i 

t        2 

c.548±o 

0.189 

24° 

0.2                 i 

i        2 

c.5i9±o 

0.093 

24° 

0.1                 3 

i        2 

c.474  ±  7 

Li,CO, 

0.232m 

25° 

0.2g  Ag         I 

i        aex 

c.582  ±  5 

0.136 

21° 

0.2                 i 

i        2 

c-593  ±  9 

Li,S04 

0.159m 

23° 

o.2g  Ag        i 

i        aex 

C.649  =b  4 

0.090 

22° 

0.1                 i 

i        2 

c-595  =fc  3 

KOH 

0.804m 

23° 

o.6g  Ag        i 

i        aex 

c.739  =fc  8 

0.190 

27° 

0.3                 i 

i        2 

c.730  db  0 

0.103 

22° 

0.2                  i 

i        2 

C.742  db  10 

NaOH 

1.084m 

25° 

o.6g  Ag        I 

i        2ex 

C.827  db  4 

0.285 

23° 

0.3                 i 

i        2 

c.8oozfc  5 

0.108 

21° 

0.1                 i 

i        2 

c.843  ±  4 

LiOH 

1.495m 

25° 

°-4g  Ag        i 

i        lex 

c.890 

0.402 

21° 

0.4                i 

i        2 

c.863  ±  3 

0.201 

21° 

0.4                i 

i        2 

c.848  db  9 

«S 


1882.  R.  Lenz. 

Ueber  das  galvanische  Leitungsverm6gen  alkoholischer  LOsungen.  Bci- 
blKtter,  7,  399,  from  Mlm.  de  St.  P^tersb.  (7),  jo,  64. 

The  transference  of  the  iodine  in  aqueous  and  alcoholic  solu- 
tions of  Cdl2  and  of  KI  was  determined  in  an  apparatus  con- 
sisting of  an  H-tube  fitting  on  top  of  an  anode  vessel.  The 
contents  of  the  latter  were  analyzed,  The  following  table  con- 
tains the  values  of  n  for  iodine  obtained  by  the  author  by  inter- 
polation from  his  experiments.  The  percent  of  alcohol  in  the 
solutions  is  given  at  the  head  of  the  column,  the  concentration 
of  the  Cdl2  in  the  first  column. 

The  method  of  calculation  is  based  (wrongly)  on  constant 
volume  of  solution. 
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o 

5 

JO 

A5 

20 

*5 

30 

Jm 

i -135 

X.IXO 

1.089 

1.073 

1.072 

1.077 

1.088 

Jm 

1.044 

1. 02 1 

x.017 

1.022 

1.032 

1.044 

1.057 

Jm 

0.929 

0.914 

0.915 

0.922 

o.934 

0.952 

0.974 

im 

0.808 

0.818 

0.83  X 

0.851 

0.876 

0.899 

0.928 

35 

40 

45 

50 

55 

60 

65 

im 

1. 108 

1. 130 

1. 160 

1193 

1.226 

1.262 

1.300 

|m 

1.070 

1.088 

1. 120 

1.159 

1. 192 

1.229 

1.265 

im 

1. 000 

1.028 

1.058 

1.089 

1. 121 

1.160 

1. 198 

im 

°-959 

0.989 

1.019 

1.052 

1.088 

1. 127 

1. 170 

70 

75 

So 

85 

90 

95 

im 

1338 

1.378 

1.417 

1.460 

1.502 

1.549 

im 

1.305 

1-344 

1.384 

1.427 

1.471 

1.515 

Jm 

1-239 

1.282 

1.329 

1.375 

1. 42 1 

1.470 

Jm 

1. 212 

x.262 

x.306 

1.357 

1.404 

1.458 

With  solutions  of  potassium  iodide  the  values  a  =  .5 11  to 
n  sb  .520  were  found  independent  of  the  concentration  and  of 
the  amount  of  alcohol  present. 

The  experiments  with  potassium  chromate  were  carried  out 
in  a  slightly  modified  apparatus,  in  which  a  Pt  cathode  sur- 
rounded by  potassium  carbonate  solution,  and  a  Mg  anode  were 
employed ;  n  =  .46  —  to  «  =  .51  —  independent  of  the  concen- 
tration and  of  the  percent  of  alcohol. 

The  paper  further  contains  a  number  of  measurements  of 
conductivity  and  diffusion. 

1885.  J.  Moser. 

Elektrische  und  therm  is  che  Eigenschaften  von  Salzloeungen.  Wien.  Sit- 
zung6ber.,  02 y  Abth.  II,  652. 

The  author  calculated  the  migration  values  by  means  of  the 
formulae  of  Helmholtz  from  the  E.M.F.  of  concentration  cells 
with  and  without  diffusion. 

ZnClj    -f  100  H20  and  ZnCl,  +  750  H20         iex  .71— 
ZnS04  -f  100  H20  and  ZnS04  -f  800  H20        iex  .64— 

1886.  0.  Lodge. 

On  the  Migration  of  Ions  and  an  Experimental  Determination  of  Absolute 
Ionic  Velocity.    Brit.  Assoc.  Rep.,  1886,  389. 

In  the  following  series  of  experiments,  two  cups  were  con- 
nected by  a  horizontal  siphon.  When  the  current  was  passed 
through,  the  ions  from  the  cups  moved  through  the  siphon,  their 
progress  being  followed  by  a  color  change  or  by  the  formation 
of  a  precipitate. 
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Cups. 

Siphon. 

BaCl2,  Na,S04 

10% 

6%>   HC1,  litmus 

23ex 

Ba/S04  =  f 

BaCl2,  Na,S04 

5% 

6%   HC1,  litmus 

i4ex 

Ba/S04  =  f 

BaCl,,  Na,S04 

5% 

C,H40„  agar  agar 

9ex 

Ba/S04  =  £ 

BaCl2,  NaCl 

CsH4Os,  HsS04,  AgNO„  agar  agar 

4ex 

Ba/Cl    =1 

BaCl2,  KI 

C,H40„  H,S04,  AgNOs,  agar  agar 

5ex 

Ba/I       =i 

BaCl2,  KBr 

10% 

C,H4Ot,  H,S04,  AgNOj,  agar  agar 

3ex 

Ba/Br    =  } 

SrCl,,  NaCl 

io# 

C,H402,  H,S04,  AgNOs,  agar  agar 

2ex 

Sr/Cl     =  f 

SrCl,,  KBr 

10% 

C2H4Or  H,S04,  AgNO„  agar  agar 

2ex 

Sr/Br     =  f 

SrCl,,  KI 

10% 

CaH4Ot>  H,S04,  AgNO„  agar  agar 

2ex 

Sr/I        =  f 

CuS04,  H2S04 

NaCl,  BaCl,,  NaOH, 

phenol  phthalein 

3« 

HVS04  =  f 

CuS04,  CuS04 

NaCl,  K4FeCy, 

lex 

CuS04,  NaOH 

NaCl,  phenol  phthalein 

lex 

t 

(NH4)2S04,- 

NaCl,  Ne6sler  solution 

lex 

1 888.  M.  Loeb  and  W.  Nernst. 

Zur  Kinetik  der  in  Ldsung  befindlichen  Korper.    Zeit.  phy6.  Chem.,  2,  948. 

Apparatus  similar  to  Gay-Lussac's  burette,  with  side  tube  at 
top  for  cathode;  anode  at  bottom;  capacity  60  c.c. ;  Ag  elec- 
trodes. In  preliminary  experiments  with  silver  nitrate  the  loss 
in  the  whole  apparatus  was  0.06  percent,  the  loss  in  the  middle 
portions  was  0.5-0.7  percent;  no  diaphragms ;  method  of  cal- 
culation correct. 

The  paper  further  contains  a  number  of  conductivity  meas- 
urements in  confirmation  of  Kohlrausch's  law. 


AgNO, 

0. 1043m 

20° 

o.o8g  Ag 

1  ex 

ac.528 

0.0521 

26° 

0.08 

1 

ac.524 

0.025 

26° 

0.05 

1 

ac.522 

0.025 

o° 

0.05 

1 

ac.538 

0.0105 

26° 

0.03 

2 

ac.522  rh  2 

AgCIO, 

0  0245m 

25° 

°-°5g  Ag 

2ex 

ac.501  db  2 

AgC104 

0.0247m 

25° 

o.°4g  Ag 

2ex 

ac.513  ±  2 

Ag(C2H6)S04 

0.0243m 

*5° 

o.osg  Ag 

2CX 

ac.387  ±  2 

• 

0.0061 

25° 

0.02 

I 

ac.384 

C10H7.SOj 

•Ag 

0.0129m 

290 

o.03g  Ag 

xex 

ac.390 

0.0250 

25° 

0.04 

1 

ac.386 

CgHj.SOj. 

Ag 

0.0250m 

25° 

o.04g  Ag 

2ex 

ac.347  d=  4 

C2H,02Ag 

0.0097m 

25° 

0.02g  Ag 

2ex 

ac.376  db  I 

Ag,SiFl, 

0.0282  m 

22° 

o-<>5g  Ag 

2ex 

ac.465  ±  2 

Ag,S,0, 

0.0246m 

25° 

o.04g  Ag 

3«* 

ac.605  db  I 

0.0246 

o° 

0.05 

2 

ac.604  ±  I 

1  Absolute  velocity  of  H  ion  =  0.0027. 
*"  OH  nearly  as  quick  as  H." 
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0.0238m 

0.0222 

0.0222 

240        o.o6g  Ag 
290        0  04 
o°        0.04 

lex 
1 

2 

ac.293 
ac.295 
ac.273  ^  ° 

1889.  C.  L.  Weber. 

Ueber  absolute  Geschwindigkeit  der  Ionen.     Zeit.  phys.  Chem.,  4,  182. 

The  author  deduced  the  following  migration  values  from 
measurements  of  the  limiting  current  density  at  which  normal 
products  appear  at  the  electrodes  and  above  which  secondary 
reactions  occur.  The  third  column  below  gives  the  velocities 
in  mm.  per  second. 

CuS04  J  of  8o.i6g  Cu  per  litre  0.017 

J  of  8o.i6g  Cu  per  litre  0.023 

}  of  8o.i6g  Cu  per  litre  0.024 

^  of  8o.i6g  Cu  per  litre  0.028 

J?  of  8o.i6g  Cu  per  litre  0.021 

■fc  of  8o.i6g  Cu  per  litre  0.022 

TJf  of  8o.i6g  Cu  per  litre  0.033 

2Jy  of  8o.i6g  Cu  per  litre  0.042 

CdS04  0.1      m  0.023 

0.04  0.029 

0.02  0.026 

0.01  0.036 

0.005  0.045 

0.0025  0.051 

Zn(NOs),  0.2      m  0.091 

0.1  0.1 1 1 

0.04  0.095 

0.02  0.077 

0.01  0.084 

0.005  0.051 

0.0025  0.052 

0.0012  0.051 

1890.  A.  Chassy. 

Nouveau  Transport  Electrique.     Ann.  chim.  phys.  (6),  */,  241. 

The  author  determined  the  movement  of  one  component  of 
mixtures  of  salts  in  aqueous  solution.  Misled  by  assuming 
that  the  decomposition  products  at  the  electrodes  indicated  the 
salt  that  had  carried  the  current,  he  had  to  explain  the  observed 
movement  of  the  other  salts  present  by  the  assumption  of  the 
movement  of  non-dissociated  molecules.  In  the  following  list 
the  first  salt  was  in  each  case  the  only  one  measured.  Many 
cases  are  omitted  in  which  only  one  component  of  the  mixture 
was  indicated.  For  summary  see  Ponsot  —  Comptes  rendus, 
ij89  192. 
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Sulphates 

of  Zn,  Cu. 

tt 

tt 

Zn,  Cd. 

m 

t« 

Zn,  Ag. 

it 

tt 

Zn,  Na,  Mg,  Cu. 

i* 

tt 

Zn,  Cu,  Ni,  K. 

Nitrates 

tt 

Ba,  Ag. 

ti 

tt 

Ba,  Cu. 

tt 

tt 

Ba,  Ni. 

<t 

ti 

Ba,  Zn. 

«t 

tt 

Ba,  K,  Cu. 

«t 

tt 

Ba,  K,  Cu,  Na,  Zn,  Mg,  Co,  Ag. 

«t 

tt 

Pb,  Ba,  Zn,  K. 

tt 

tt 

Cu,  Ba,  Ag,  K. 

Chlorides 

*t 

K,Zn. 

tt 

tt 

Ca,  Na,  Zn,  Cu. 

tt 

u 

Zn,  Ba,  Mg,  K. 

Sulphates 

tt 

K,  Cd,  Cu,  with  acetate  of  Zn. 

K,SO<,  Zn(C,H802)r 

Zn(C2HsO,): 

„  KjSO,,  Na,SO„  NaC,H,Or 

1890.  W.  Kistiakowaky. 

Die  wasserigen  L&6ungen  von  Doppelsalzen.    Zeit.  phys.  Chem.,  6,  97. 

Apparatus  a  knee-shaped  burette ;  capacity  ioo  c.c. ;  Ag 
electrodes ;  no  diaphragms ;  middle  portion  unchanged.  The 
concentrations  are  expressed  in  mols  per  iooog  solution. 

AgNO,  0.0189        15°        o-Q4g  Ag        1  ex        ac.531 

AgsCr(C,04)3  0.022  140        o.osgAg        3ex        ac.57-dbi8 

189a.  W.  Bein. 

Beitrage  zur  experimentellen  Bestimmung  von  Ueberf  iihrungszahlen  in  Salz- 
losungen.    Wied.  Ann.,  46,  29. 

Apparatus  of  three  types,  capacity  55-90g,  viz. ;  (i)  super- 
posed glasses  with  diaphragms  of  fish  bladder  (B),  or  usually 
of  porous  earthenware  (E) ;  (ii)  a  winding  spiral  and  U-tube,  no 
diaphragms ;  (iii)  a  knee-shaped  burette. 

In  experiments  with  CuS04,  CdCl2,  CaCl2,  and  Cdl2  the  volt- 
age was  varied  from  20-100  volts  without  affecting  the  results* 
In  the  fifth  column  below  are  given  the  concentration  changes 
in  the  middle  portions ;  the  values  in  the  last  column  given  in 
(  )  are  those  obtained  by  Bein  in  1899  by  a  recalculation. 

The  method  of  calculation  is%  correct ;  the  accuracy  of  the 
better  experiments  is  estimated  to  be  one  or  two  units  in  the 
second  decimal  place. 
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CuS04 

0.73  %Cu 

20-300 

o.o6g  Cu 

0.6-0.06% 

• 
1 

E 

6ex 

a.647  ±  24 

o.73 

16-190 

0.05 

0.5-0.1 

ii 

2 

ac.638  db  2 

0.76 

16-240 

0.06 

0.4-0.03 

• 

1 

B 

8 

a.79-  d=  17 

0.76 

74° 

0.05 

i-5 

•  » 

11 

1 

ac.622 

KC1 

0.41%  CI 

1 8-1 90 

o.o6g  CI 

O.I% 

i 

B 

2ex 

a.496  db  3 
(.530) 

0.6 

74-75° 

0.03 

o-3 

»  • 

11 

2 

ac.509  dr  9 

AgNO, 

i.85%Ag 

13-15° 

o.o6g  Ag 

0.5-0.05  % 

iii 

3« 

ac.525  db  3 

0.6 

75-96° 

0.06 

2-0.4 

iii 

6 

ac.512  rb  6 

NaCl 

o-92%Cl 

7-80 

o.o6g  CI 

0.3% 

•  • 

11 

2tX 

ac.608  dr  3 

0.92 

95° 

0.05 

0.8-0.1 

ii 

3 

ac.551  db  2 

BaCl, 

0.84%  CI 

12° 

o.o7g  CI 

1-0.3% 

ii 

2ex 

ac.58oi:2 

0.84 

890 

0.07 

0.5 

ii 

1 

ac.565 

a  58 

74° 

0.05 

0.6 

ii 

1 

ac.580 

Cdl2 

0.68%  I 

20° 

O.Igl 

1-0.4% 

i,  H 

E 

3«x 

ac.65-  ±  25 
(.652) 

0.68 

76° 

0.06 

1.5 

•  • 

11 

2ex 

ac.600  d=  13 

CdCl, 

o.9%Cl 

8° 

o.osg  CI 

0.7% 

•  • 

11 

2ex 

ac.567  d=  2 

0.6 

21° 

0.6 

0.6-0.01 

i 

E 

4 

a.546  ±:  20 
(•557) 

0.87 

96-97° 

0.07 

0.8-0.5 

•  • 

11 

2 

ac.570  db  5 

CaCl, 

0.8%  CI 

9° 

o.osg  CI 

1-0.1% 

ii 

2ex 

ac.602  db  2 

0.45 

160 

0.08 

0.3-0.04 

i 

B 

6 

a.6io  =b  16 

(•638) 

0.85 


940    0.04 


0.2 


11 


ac.549 


1892.  W.  C.  D.  Whctham. 

Ionic  Velocities.  Proc.  Roy.  Soc,  32,  284.  Zeit.  phys.  Chem.,  //,  220. 
Phil.  Trans.,  184,  A,  337. 

The  author  measured  the  velocity  of  the  meniscus  between 
pairs  of  solutions  of  electrolytes,  first  with  direct,  and  then  with 
reversed  current.  The  apparatus  consisted  of  two  vertical  tubes 
joined  by  a  third  much  narrower  tube  bent  parallel  to  the  others 
for  the  greater  part  of  its  length.  Two  solutions  of  equal  spe- 
cific resistance  were  placed  in  the  apparatus,  the  specifically 
heavier  below  the  other.  The  surface  of  contact  lay  in  the 
narrow  vertical  tube,  where  the  fall  of  potential  per  cm.  could 
be  determined. 

In  the  following  table,  the  salts  experimented  with  are  named 
in  the  first  column,  and  in  the  succeeding  columns  in  order  are 
given  the  concentrations,  the  solvent  (W  =  water,  Am=  aqueous 
ammonia,  Al  =  "  alcohol  of  0.05  strength  "),  the  ion  to  which 
the  rate  of  the  meniscus  movement  was  ascribed,  the  number  of 
experiments,  the  observed  velocity  in  cm.  per  second  per  unit 
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potential  fall,  and  the  velocity  calculated  from  Kohlrausch's 
conductivity  measurements  and  Hittorf's  migration  determina- 
tions. In  the  case  of  the  alcoholic  solutions,  for  lack  of  migra- 
tion determinations,  the  sum  of  the  observed  ionic  velocities  is 
compared  with  that  calculated  from  the  conductivity. 


CuCl,  and  NH4C1  0.18m      Am 

CuCl,  and  NH4C1  0.1  Am 

KC1  and  KMn04 
KC1  and  KMn04 

K,Cr,07  and  K,COs  0.1m 

K,Cr,07  and  KC1  0.1 

Co(NOs),  and  CoCl,  0.05m        Al 

CoCl,  and  CaCl,  0.05m        Al 

Co(NOs),  and  Ca(NO,),  Al 


0.0046m     W 
0.046         w 

w 
w 


Cu  lex  0.00026 

CI  iex  0.000309 

CI  lex  0.00057 

CI  iex  0.00059 

Cr,Or  3ex  0.00047 

Cr,(D7  iex  0.00044 

CI  2ex  0.000026 ) 

{Co  2ex  0.000022  J 

NO,  0.000035 ) 

Co  iex  0.000044  J 


0.00031 
0.00031 

0.00053 
0.00053 

0.00047 
0.00047 

0.000060 
0.000079 


1893.  S.  Lussana. 

Einfluss  der  Temperatur  auf  die  elektromotorische  Kraft  der  Concentrations- 
elemente  und  die  Wanderung  der  Ionen.  Beiblatter,  77,  218,  from  Atti  del  R. 
1st.  Venet.,  Ser.  VII,  j,  nil  (1892). 

Apparatus :  Horizontal  tube  bent  into  five  parallel  portions, 
with  vertical  tubes  sealed  on  at  the  ends  and  at  the  middle ;  3  (?) 
middle  portions. 

The  author  found  the  migration  of  the  cation  (i-»)  propor- 
tional to  the  absolute  temperature  (7*).  In  the  second  column 
below  is  given  the  weight  of  salt  in  ioog  water ;  in  the  third 
the  value  found  for  io7(i-n)/T;  and  in  the  last  the  transport  of 
the  anion  at  o°  C. 


ZnS047H20 

57.694-2.319 

26632-25244 

.37-3 1 

CuSO^HjO 

5.008-0.712 

24627-22076 

•33--40 

Pb(NO,), 

26.5 1 2-4.61 8 

i8955-!5982 

•4*--53 

1893.  S.  Sheldon  and  6.  M.  Downing. 

Die  kritische  Stromdichttgkeit  ftir  Kupferniederschlage  und  die  absolute 
Geschwindigkeit  der  Wanderung  der  Ionen.  Beiblatter,  77,  1090,  from  Phys. 
Rev.,  /,  51. 

The  author  deduced  the  migration  values  from  measurements 
of  the  limiting  current  density  at  which  normal  products  appear 
at  the  electrodes,  and  above  which  secondary  reactions  occur. 
The  velocity  is  presumably  in  cm.  per  second  for  unit  potential 
fall. 

CuSO*  0.1 -1. 89m  0.00020-0.000445 
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1894.  A.  CampettL 

Ueber  den  Einfluss  des  Ltisungsmittels  auf  die  Geschwindigkeit  der  Ionen. 
Beiblatter,  /8,  942  (from  Nuov.  Cim.  (3),  35,  225). 

LiCl  water  ac.705 

ethyl  alcohol  ac.71- 

m ethyl  alcohol  ac.64- 

AgNOg  water  ac.518 

ethyl  alcohol  ac.51- 

methyl  alcohol  ac.47- 

1894.  S.  Lussana. 

Einflu86  von  Magnetismus  und  Warme  auf  die  Wanderung  der  Ionen. 
Beiblatter,  /8,  364;  (from  Atti  R.  1st.  Veneto  (7),  4,  13  pp.,  1893,  Sepab.). 

An  extension  of  the  author's  work  of  the  year  before,  with 
the  same  apparatus.  In  solutions  of  NiS04,  NaCl,  KC1,  and 
CuCl3  the  relative  velocity  of  the  cation  (i-»)  is  proportional  to 
the  absolute  temperature. 

In  order  to  ascertain  whether  magnetism  exerts  any  notice- 
able influence  on  the  transport,  measurements  were  made  of  the 
rate  of  motion  of  the  meniscus  between  acidified  solutions  of 
ferrous  and  cupric  sulphates  in  and  out  of  the  magnetic  field* 
The  author  finds  that  magnetism  probably  slightly  reduces  the 
rate  of  the  ferrous  ion ;  the  resistance  of  ferrous  sulphate  solu- 
tion is  not  noticeably  affected  by  a  magnetic  field  whose  lines 
of  force  are  perpendicular  to  the  direction  of  the  current. 

1894.  W.  C.  D.  Whetham. 

On  the  Velocities  of  the  Ions  and  the  Relative  Ionization -power  of  Solvents. 
Phil.  Mag.,.?*,  392. 

For  apparatus,  method  and  explanation  of  the  following  table, 
see  Whetham,  1892.  In  these  experiments  the  solutions  were 
solidified  with  agar  agar  jelly.  In  the  experiment  with  sodium 
acetate  one  half  of  the  solution  was  colored  red  by  caustic  soda, 
the  other  half  "  decolorized  by  means  of  a  few  drops  of  dilute 
acetic  acid."  A  measurement  was  made  of  the  rate  of  motion 
of  the  red  color  at  the  boundary  between  solutions  of  ferric 
chloride  and  ferric  acetate  (containing  ferric  chloride) ;  in  order 
to  explain  his  results  the  author  ascribed  the  color  to  colloidal 
ferric  hydrate,  and  adduced  a  number  of  conductivity  measure- 
ments and  experiments  with  dialyzed  iron,  in  support  of  this 
view. 
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K,CrsOT  and  K,COs       0.1  m        W        CrsOT       lex        0.00044        0.00047 
NaCjHjO,  0.07m        W  H  lex        0.000065      0.00030 

1895.  W.  C.  D.  Whetlum. 

On  the  Velocities  of  the  Ions.     Phil.  Trans.,  186,  A,  507.    * 

An  extension  of  the  author's  work  in  1892  and  1894.  The 
same  apparatus  was  employed.  The  solutions  were  solidified 
by  the  use  of  agar  agar.  The  rate  of  extension  of  the  precipi- 
tate formed  at  the  surface  of  contact  was  measured ;  the  cur- 
rent being  passed  in  one  direction  only.  The  experiments  were 
carried  out  at  from  8-17 °  and  corrected  for  180.  The  solutions 
were  0.1  m. 

BaCl, ;  and  NaCl  + "  a  little "  Na,S04  Ba  aex  0.000389  0.000366 

CaCl2 ;  and  NaCl  -f  "  considerable  "  Na,CO,  Ca  lex  0.000349  0.000290 

AgNO, ;  and  NaNO,  +  "  a  little "  NaCl  Ag  iex  0.000488  0.000462 

Na,S04;  and  NaCl  +  BaCl,  S04  2ex  0.000447  0.000492 

1896.  C.  CatUneo. 

Ueber  den  Einfluss  des  Lttsungsmittels  auf  die  Geschwindigkeit  der  Ionen. 
Beiblatter,  47,749  (from  Rendic.  R.  Ace.  dei  Lincei  (5),  5,  2  Sem.  207;  6y 
1  Sem.  279.     Nuovo  Cim.  (4),  6,  140.) 

With  sodium  chloride  and  ammonium  chloride  a  Pt  cathode 
and  a  Zn  or  Cd  anode  was  used ;  with  hydrochloric  acid  the 
anode  was  of  Au  or  Cu. 

NaCl 

NH4C1 

HC1 


water 

.66- 

glycerine 

.64- 

water 

•51- 

glycerine 

•57- 

water 

.224 

ethyl  alcohol 

.205 

methyl  alcohol 

.236 

amyl  alcohol 

.240 

glycerine 

.237 

ethyl  alcohol  with  chloroform 

.209 

ethyl  alcohol  with  chloroform  and 

ethyl  ether 

.218 

1 896.  Th.  DesCoudres. 

Messungen  der  elektromotorischen  Kraft  Col  ley'  schen  Gravitationselemente. 
Wied.  Ann.,  57,  232. 

From  measurements  of  the  E.M.F.  of  gravitation  cells  with 
electrodes  of  Hg/Hg3Cl2  the  author  deduced  the  following  values 
for  n. 

Proc.  Wash.  Acad.  Sci.,  June,  1907. 
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NaCl 

19.9  percent 

.66— 

BaCl, 

17.0       " 

.64- 

LiCl 

173       " 

•77- 

KC1 

16.8       " 

.50- 

HC1 

3.56    " 

.150 

CdCl, 

30.1      " 

1. 02-1. 10 

1896.  A.  Rosenheim. 

(Experiments  by  W.  Bein.)  Ueber  die  Einwirkung  anorganischer  Metall- 
sauren  auf  organische  Sauren.    Zeit.  anorg.  Chem.,  //,  175,  225. 

Apparatus :  two  U-tubes  connected  by  a  siphon ;  capacity 
io8g ;  Pt  electrodes ;  no  diaphragms ;  no  middle  portion.  The 
object  of  the  investigation  was  to  determine  the  constitution  of 
these  complex  compounds.  Concentration  1-2  percent;  one 
experiment  each ;  180  C.  In  the  last  column  is  given  the  com- 
ponent analyzed.  C20,,  Mo,  W,  and  V  moved  in  all  cases  toward 
the  anode. 

(NH4),0.2M08  o.3g  Ag  ac  (  ]g°  {££ 

MO,.C,Os.3H,0  o.o8g  Ag        ac  {  ;J£  £fO, 

.306  C,Os 
KjO.WOj.CjOj.HjO  o.2g  Ag         ac  <{  .327  WO, 


l< 


.540  K 

(NH4)s0.2CsOl.aMQl.3HlO         o.3g  Ag  ac  {  £  J|jJ« 

(NH4),0.2MOs.CaO,  o.2g  Ag  ac     .33-  C,Os 

3(NH4),O.V,054CaOs4H20        o.o2g  Ag        ac  (  ^  J»  J 

44  o.ig  Ag  ac  .39-  C,Os 

SKjO.AIjOj^CjOj.sHjO  o.4g  Ag  ac  .50-  Cfis 

3Kfi.CTfii.6Cfii.6Hfi  o.6g  Ag  ac  .33-  C,0, 

KtO.AlsO,.4C,Os.7iHtO  o-3g  Ag  ac  .39-  C,Os 

1897.  V.  Gordon. 

Ueber  die  Abhangigkeit  der  Ueberf  iihrungszahlen  des  Kadmium  in  wasserigen 
Ldsungen  von  der  Temperatur.    Zeit  phys.  Chem.,  *j,  469. 

Apparatus :  N-tube  fitting  into  the  top  of  an  Erlenmeyer  flask ; 
capacity  100  c.c. ;  anode  Cd,  cathode  Hg ;  no  diaphragms ; 
method  of  calculation  correct. 


CuS04 

9-10  percent 

o.6g  Ag 

0.07  percent 

2ex 

a  .720  ±6  . 

CdS04 

11.4 

i« 

90    i-2g  Ag 

O.I 

it 

3ex 

a  .672  d=  10 

11. 4 

ii 

400     1-2 

0.1-0.2 

ii 

2 

a  .717  ±5 

12 

it 

8i°    1.9 

o-5 

ti 

2 

a  .7i9:fc4 

34-5 

(i 

9°    1.9 

0.2-0.5 

ti 

2 

a  .803  rfco 
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35 

34 

percent 

4o° 

3 

0.1 

percent 

2 

a  .810  d=  6 

34 

i« 

69° 

3 

0.2-0.6 

it 

2 

a  .797  ±"5 

CdBr, 

29-5 

(4 

7° 

I    gAg 

0.2-0.01 

it 

3« 

a  .894db5 

29.4 

It 

39° 

1-5 

0.5-0.00 

It 

3 

ai  .040^34 

29.4 

it 

75° 

2-3 

1-0.4 

tl 

3 

a  .970  ±25 

Cdl, 

35 

tt 

4o° 

i-7g  Ag 

0.1-0.2 

it 

2ex 

ai.232d=8 

35-5 

tt 

74° 

2.0 

0.17 

II 

2 

ai.23izfc  17 

1897.  F.  W.  Kiister. 

Ueber  Ionenreaktionen  und  ihre  Bedeutung  fiir  die  Elektrochemie.  Zeit.  f. 
Elektrochem.,  4,  105. 

When  a  current  is  passed  through  a  U-tube  whose  lower  half 
is  filled  with  cupric  sulphate  solution,  while  both  arms  are  filled 
with  sodium  sulphate  solution  into  which  the  electrodes  are 
dipped,  then  the  blue  layer  moves  toward  the  cathode ;  when  the 
lower  solution  is  Fehling's  solution,  and  the  upper  Seignette 
salt,  the  blue  color  moves  toward  the  anode,  as  the  copper  is 
contained  for  the  most  part  in  complex  anions. 

1897.  W.  J.  Mather. 

A  New  Apparatus  for  Determining  the  Relative  Velocities  of  Ions  ;  with 
some  Results  for  Silver  Ions.  Johns  Hopkins  Univ.  Cir.,  /6,  No.  130,  45  (1897), 
Am.  Chem.  Jour.,  26  (1901),  473. 

Apparatus :  an  M-shaped  tube  provided  in  the  middle  with  a 
glass  tap  of  large  bore ;  capacity  90  c.c ;  Ag  electrodes ;  no 
diaphragms ;  no  middle  portion ;  calculation  based  (incorrectly) 
on  constant  volume  of  solution. 

AgNO, 


AgC,H,Oa 


0.1    m 

o° 

O.I    g 

Ag 

3« 

ac.541  dbo 

O.I 

290 

0.05 

1 

ac.532 

0.1 

480 

0.15 

3 

ac.528  d=  I 

0.025 

o° 

0.07 

1 

ac.538 

0.025 

45° 

0.08 

1 

ac.525 

0.1 

24° 

0.15 

2 

ac.532  d=  1     49  percent  alcohol. 

0.108 

20° 

0.05 

3 

ac.594  ±:  2     absolute  alcohol . 

0.025m 

o° 

o-<>5g  Ag 

2ex 

ac.373  zk  1 

0.025 

28° 

0.03 

1 

ac.382 

0.025 

46° 

0.08 

3 

ac.389  d=  1 

1897.  W.  Nernst. 

Zwei  einfache  elektrochem ische  Vorlesungsversuche.     Zeit.  f.  Elektrochem. 
J,  308. 

A  0.003m  solution  of  potassium  nitrate  is  placed  in  the  arms 
of  a  U-tube  over  a  solution  of  potassium  permanganate  of  the 
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same  specific  conductivity,  weighted  with  urea.  During  the 
passage  of  the  current  the  red  layer  moves  toward  the  anode 
with  a  velocity  within  a  few  percent  of  that  calculated  from  the 
conductivity  of  potassium  permanganate. 

1897.  A.  Schrader. 

Zur  Elektrolyse  von  Gemischen.     Zeit.  f.  Elektrochem.,  J,  498.     Auszug  aus 
Berliner  Inaug.  Dissert. 

Apparatus :  an   c/>tube ;    capacity  150  c.c ;  no  diaphragms. 

The  paper  is  mainly  devoted  to  the  determination  of  the 
transport  in  aqueous  solutions  containing  a  pair  of  electrolytes, 
viz. :  KC1  and  KI ;  H2S04  and  CuS04.  In  addition  the  follow- 
ing results  of  measurements  with  acetic  acid  between  Ag  elec- 
trodes are  given  without  experimental  details.  "The  rate  of 
transport  of  acetic  acid  seems  to  become  constant  only  at  dilu- 
tions where  the  error  of  analysis  is  nearly  as  great  as  the  quantity 
measured." 


0.79m  .362 ; 
0.48m  .212  ; 


0.74m  .307; 
0.36m  .182; 


0.59m  .241 ; 
0.25m  .169. 


1898.  W.  Beta. 

Zur  Be6timmung  der  Ueberf iihrung  bei  der  Elektrolyse  verdiinnter  wasseriger 
Salzlosungen.     Zeit.  phys.  Chem.,  *7,  1. 

Apparatus  of  various  forms,  complete,  and  somewhat  compli- 
cated ;  no  diaphragms ;  Pt  cathode,  Cd  anode ;  method  of  calcu- 
lation correct. 

The  capacities  of  the  apparatus  are  given  in  hektograms  in 
the  sixth  column  below,  the  percent  changes  in  the  middle  por- 
tion in  the  fifth  column. 


HCl 


NaCl 


Percent 

•• 

Percent. 

0.02-0.05 

CI 

9° 

0.02g  CI 

O.I 

1-5 

2ex 

ac.167  ±  1 

0035 

50° 

0.03 

5 

2 

ac.199  rfcO 

O.035 

96° 

0.03 

5 

3 

ac.252  zh  IO 

O.2-O.5 

1 6° 

0.03 

o.2-2 

1 

8 

ac.170  ±3 

0.2-O.5 

77° 

0.04 

O 

1 

3 

ac.2i9±  12 

13-9 

97° 

O.I 

i 

1 

ac.393 

0.02-0.05 

CI 

IO° 

0.02g  CI 

0.0-O.3 

7 

5ex 

ac.615  db  12 

0.040 

5i° 

O.O3 

5 

2 

ac.583  db  5 

0.040 

97° 

O.O3 

i-5 

2 

ac.547  ±  4 

0.25 

760 

O.03 

1 

1 

ac.586 

0.2-0.9 

12° 

O.O3 

0.3-5 

1 

11 

ac.613  ±1  20 

0.50 

760 

O.O3 

O 

1 

2 

ac.570  ±  5 
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0.2-0.9 

95° 

0.05 

12. X 

21° 

0.3 

14.2 

97° 

0.14 

KCl 

0.04-0.5  CI 

ii° 

0.02g  CI 

0.30 

76° 

NH4C1 

0.2  CI 

20° 

0.02g  CI 

RbCl 

0.19  CI 

22° 

0.02g  CI 

CsCl 

0.18  CI 

20° 

0.02g  CI 

T1C1 

0.04  CI 

21° 

0.02g  CI 

LiCl 

0.036  CI 

20° 

o.o3g  CI 

0.035 

97° 

0.02 

0.2-0.5 

20° 

0.03 

0.20 

96° 

0.03 

CaCl, 

0.039  ci 

22° 

o.o3g  CI 

0.039 

49° 

0.03 

0.0391 

97° 

0.03 

0.204 

97° 

0.03 

0.425 

97° 

0.04 

0.20 

25° 

0.03 

0.42 

24° 

0.04 

0.99 

21° 

0.05 

14.1 

25° 

0.26 

14. 1 

97° 

0.13 

BaCI, 

0.040  CI 

IO° 

o.o3g  CI 

• 

0.041 

5o° 

0.03 

0.041 

97° 

0.03 

0.30 

io° 

0.04 

0.6-1.0 

12° 

0.06 

0.77 

96° 

0.03 

0.301 

76° 

0.03 

0.202 

780 

0.02 

CdCl, 

0.036  CI 

20° 

0.02 

0.20 

24° 

0.02 

0.20 

96° 

0.03 

0.50 

17° 

0.03 

13.8 

97° 

0.12 

13-8 

24° 

0.19 

AgC,H8Of 

0.43  Ag 

24° 

o.o8g  Ag 

043 

24° 

0.07 

0.43 

49° 

0.07 

0.43 

96° 

AgNO, 

o.54  Ag 

76° 

o.o4g  Ag 

0.40 

96° 

0.07 

H,S04 

0.24  H,S04 

ii° 

o.osg  S04 

0.24 

23° 

0.05 

0.24 

96° 

0.05 

1  Superoxide  formed  at  anode. 

1 

4 

ac.557  =b  4 

i 

1 

ac.677 

1 

1 

ac.567 

0.04-4     1-7 

$tx 

ac.503  ±  20 

0.6            1 

3 

ac.510  d:  2 

0.6            1 

2ex 

ac.507  ±  6 

1 

iex 

ac.5I5 

1 

iex 

ac.508 

5 

iex 

ac.516 

5 

2ex 

ac.624  ±  4 

5 

2 

ac.617  db  6 

6 

ac.672  :fc  9 

2 

ac.6io  ±  9 

iex 

ac-553 

1 

ac.555 

1 

ac.530 

1 

ac.554 

1 

ac.574 

3 

ac.567  ±  40 

1 

ac.595 

1 

ac.610 

1 

ac.718 

1 

ac.79- 

• 

2ex 

ac.559  d=  l     . 

1 

ac.525 

1 

ac.515 

2 

ac.570  db  2 

3 

ac.585d:ii 

1 

ac.543 

2 

ac-553  ±  3 

1 

ac.518 

iex 

ac.557 

2 

ac.568  ±  3 

2 

ac.475  ±  2 

2 

ac.567  d=  II 

2 

ac.963  ±  3 

1 

ac.657 

iex 

ac.4i3Pt  elec. 

1 

a.3851  c.4i4Ag/Pt 

1 

c.4i2Ag/Pt 

2 

c.438  ±  4 

0.2             1 

iex 

ac.517 

1 

ac.482 

3« 

ac.i75±3 

1 

c.200 

2 

ac.304  =b  1 

3» 

McBAIN 

CuS04 

0.032CU 

i° 

o.03g  Cu 

^ 

0.032 

15° 

0.02 

0.30 

o° 

0.03 

0.30 

5o° 

0.04 

o.73 

15° 

0.05 

0.76 

74° 

0.05 

0.30 

97° 

SrCl, 

0.04  CI 

21° 

o.03g  CI 

0.20 

20° 

ob3g 

MgCl, 

0.17  CI 

21° 

0.02g  CI 

MnCl, 

0.20  CI 

180 

o.o3g  CI 

CuCl, 

0.18  CI 

23° 

o.o3g  CI 

CoCl, 

0.20  CI 

180 

o.o3g  CI 

9.8 

26° 

0.16 

9.8 

97° 

0.13 

NaBr 

0.39  Br 

22° 

o-<>5g  Br 

KI 

0.63  I 

25° 

0.1  gl 

HNO, 

0.32  HNO, 

25° 

o.o6g  NO, 

NaNO, 

0.33  NO, 

19° 

o.02g  NO, 

T1,S04 

0.25  so4 

23° 

o.o3g  S04 

MgS04 

0.24  so4 

24° 

o.o5g  S04 

Na,CO, 

0.16  CO, 

22° 

0.0 1 4g  CO, 

K,CO, 

0.13  CO, 

23° 

o.oi4g  CO, 

NaOH 

0.16  NaOH 

25° 

o.03g  NaOH 

NH4OH 

0.18  NH4OH 

21° 

o.oi4g  NH4OH 

Ca(OH), 

0.1 1  Ca(OH), 

1*4° 

o.03gCa(OH), 

KMn04 

0.85  KMn04 

230 

o.igKMn04 

H,C,04 

0.25  H,C,04 

26° 

o.o4g  H,C,04 

Succinic 

Acid 

0.59  S.Ac. 

230 

o.o4g  S.Ac. 

[1898  Bein 


1-5 


6 

1  ex 

ac.615 

6 

ac.633 
ac.6n 
ac.607 
ac.632 
ac.622 

5 

ac.21-  to  .47- 

iex 

ac.560 
ac.575 

iex 

ac.615 

iex 

ac.613 

iex 

ac.595 

iex 

c.596 

i 

2 

ac.736  dr  O 

i 

2 

ac.77-  db  2- 

iex 

ac.625 

iex 

ac.505 

iex 

ac.172 

iex 

ac.629 

iex 

ac.528 

iex 

ac.541 

2ex 

ac.590  db  IO 

iex 

ac.435  Pt/Pt. 

iex 

ac.799       " 

iex 

ac.562       *4 

iex 

ac.786      " 

iex 

ac.559       ** 

iex 

C.214      " 

1 

iex 

C.239      •• 

1898.  H.  Hoffmtister. 

Ueber  Stromleilung  in  gemischten  L6sungen.    Zeit.  phys.  Chem.,  27 y  345. 

Mixtures  of  from  1-9  parts  of  a  solution  of  silver  nitrate  with 
1-9  parts  of  a  solution  of  nitric  acid,  and  of  1-9  parts  of  sodium 
acetate  with  1-9  parts  of  acetic  acid,  all  four  stock  solutions 
being  normal,  were  electrolyzed.  The  concentration  changes 
for  the  cations  of  the  nitrates  were  in  accordance  with  that  de- 
duced by  means  of  Rudolphi's  dilution  formula ;  for  the  sodium 
in  the  acetate  mixture  in  accordance  with  Ostwald's  dilution 
formula,  while  the  acetic  acid  moved  if  at  all  toward  the 
anode. 
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1898.  K.  Hopfgartner. 

Ueber  Strom leitung  in  gemischten  Ltfsungen  von  Elektrolvten.  Zeit.  phys. 
Chem.,  zjt  115. 

For  apparatus  see  Gordon,  1897  ;  capacity  250  c.c.  The  Hg 
cathode  was  surrounded  by  a  concentrated  solution  of  ZnCl2 ; 
for  the  electrolyses  of  sodium,  hydrogen,  and  barium  chlorides 
the  anode  was  of  Cd,  for  those  with  magnesium  and  cupric  sul- 
phates Cu  was  used.  No  diaphragms.  The  changes  in  the 
middle  portions  are  listed  in  the  fourth  column  below ;  ig  Ag 
in  voltameter ;  method  of  calculation  correct. 

The  paper  also  contains  determinations  of  the  transference 
in  solutions  of  NaCl  and  HC1,  BaCl,  and  HC1,  MgS04  and 
CuS04,  in  widely  different  proportions,  the  concentrations  vary- 
ing fromo.1-1.om  per  liter.  The  results  are  in  accordance 
with  those  calculated  from  the  conductivities  of  the  salts  taken 
separately,  using  Rudolphi's  dilution  formula. 


NaCl 

0.1m 

16-170 

0.2-0.5  percent 

3ex 

a.617  ±  14 

0.2 

I3-I90 

0.2-0.5 

«t 

2 

a.622  db  1 

0.5 

9-23° 

0.2-0.5 

ti 

3 

a.623  db  3 

0.8 

13-19° 

0.2-0.5 

i« 

3 

a.635  d=  2 

0.9 

13-200 

0.2-0.5 

«« 

3 

a.635  db  4 

HC1 

0.1m 

15-180 

0.1-0.7 

tt 

5ex 

a.  167  db  20 

0.2 

17-190 

0.0-0.5 

«t 

4 

a.i64db3 

0.5 

13-260 

0.1-0.4 

(t 

9 

a.  167  d=  18 

0.8 

14-200 

0.1-0.3 

it 

6 

a.i57db  10 

0.9 

13-200 

O.I 

tt 

3 

a.i59db  10 

BaCl, 

0.1m 

14-180 

0.4-0.2 

tt 

4ex 

a.580  ±  13 

0.2 

15° 

0.4-0.2 

tt 

2 

a.592  db  1 

o-5 

n-150 

0.4-0.2 

tt 

5 

a.6n  ±  16 

0.8 

12-200 

0.4-0.2 

tt 

5 

a.617  ±1  21 

MgS04 

1.0m 

10-150 

0.4-0.2 

t< 

3e* 

a-749  ±  5 

1-3 

10-130 

0.4-0.2 

<• 

1 

a.  747 

CuS04 

1.0m 

6-110 

O.I 

tt 

3ex 

a.696±6 

0.7 

8-150 

O.I 

tt 

2 

a.684=b7 

1898.  6.  Kflmmtll. 

Die    Ueberfiihrung6zahlen   von    Zn-    und    Cd-Salzen   in    sehr    verdiinnten 
L56ungen.    Wied.  Ann.,  64,  655. 

:  (i)  The  cathode  vessel  is  attached  to  the  top  of  the  anode 
vessel  by  means  of  a  side  tube  packed  with  cotton  wool ;  capacity 
175  c.c. ;  no  change  could  be  detected  in  the  middle  portion ; 
Pt  cathode ;  for  Zn  salts  Zn  anode,  for  Cd  salts  Cd  anode ;  ap- 
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parently  the  incorrect  method  of  calculation  based  on  constant 
volume  of  solution  was  used. 


ZnCl, 

0.01-0.003111 

o.03g  Zn 

4ex 

ac.603  d=  19 

ZnBr, 

0.01  -0.003m 

o.o2g  Zn 

3ex 

ac.6oo  db  12 

Znl, 

0.01-0.00301 

o.o2g  Zn 

3ex 

ac.589  =b  12 

CdCl, 

0.01-0.003111 

o.osg  Cd 

3ex 

ac.576  db  8 

CdBr4 

0.01-0.003111 

o.osg  Cd 

3ex 

ac.584  ±  9 

Cdl, 

0.01-0.003111 

o.o4g  Cd 

4ex 

ac.552  db  9 

ZnS04 

0.01-0.003111 

o.03g  Zn 

4ex 

ac.664  db  7 

CdS04 

0.01-0.003111 

o.o4g  Cd 

4ex 

ac.619  db  15 

(ii)  By  means  of  Helmholtz's  formulae,  from  the  E.M.F.  of 
concentration  cells. 


ZnCl, 

0.1-o.ooim 

4ex 

.585  ±  3 

CdCl, 

0.1-o.ooim 

4ex 

•574  ±  10 

ZnS04 

0.025-0.001  m 

2ex 

.587  ±  2 

CdS04 

0.025-0.001  m 

2ex 

.627  ±  2 

1898.  D.  Mcintosh. 

The  Transference  Number  of  Hydrogen.    Jour.  Phys.  Chem.,  *,  273. 

The  transference  number  was  obtained  from  the  ratio  of  the 
E.M.F.'s  of  concentration  cells  with  and  without  diffusion, 
making  use  of  the  formulae  of  Helmholtz. 

(i)  Electrodes  of  hydrogen  (platinised  platinum),  and  mercury 
plus  mercurous  salt. 


HCl         1.0-0 

HBr 

Hi 

H,S04 

H,C,04 


ooim        6ex  .159  db  3 

6ex  .158  zfc  6 

6ex  .161  =b  18 

6ex  .174  ±  18 

6ex  .163  ±.  16 


(ii)  Electrodes  of  hydrogen  and  chlorine  (platinised  platinum). 

HCl        1. 0-0. 1  m  iex        .126 

1.0-0.01  iex        .297 

0.1-0.01  iex        .404 

1898.  0.  Masaon. 

Ueber  Ionengeschwindigkeiten.  Zeit.  phys.  Chem.,  *g>  501.  Phil.  Trans., 
1899, 192,  331. 

Apparatus :  two  electrode  chambers  (flasks)  connected  by  a 
narrow  tube  containing  the  gelatinized  solution  to  be  measured. 
"  Indicators  "  were  placed  in  the  flasks  (cupric  sulphate  or  chlor- 
ide at  the  anode,  and  potassium  chromate  at  the  cathode),  and 
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the  current  passed  until  blue  met  yellow.    Electrodes :  Cu  anode, 
Pt  cathode ;  18 °  C. 


NH4Cl 

1.0m              ii 

8°        icx 

ac.490 

KC1 

0.5m 

1  ex 

ac.495 

1.0 

iex 

ac.490 

3 

iex 

ac.483 

NaCl 

0.5m 

iex 

ac.598 

1 

iex 

ac.595 

2 

iex 

ac.587 

LiCl 

0.5m 

iex 

ac.687 

1 

iex 

ac.68o 

K,S04 

0.5-1  m 

2ex 

ac.467  dh  0 

Na,S04 

1-0.5111 

2CX 

ac.567  db  0 

Li,S04 

2-0.5111 

3« 

ac.658±6 

MgSO, 

2-0.5111 

3ex 

ac.693  rb  9 

1898.  R.  Peters. 

Ueber  Oxidations  und  Reduktionsketten  und  den  Einfluss  komplexer  Jonen 
auf  ihre  elektromotorische  Kraft.    Zeit.  phys.  Chem.,  26,  229. 

Apparatus  —  a  U-tube  into  both  arms  of  which  were  dipped 
tubes  closed  at  the  lower  end  with  parchment  forming  the  anode 
and  cathode  compartments  respectively,  in  the  U-tube  were 
plugs  of  cotton  batting;  Pt.  electrodes;  no  middle  portion. 

The  results  are  only  qualitative,  and  show  that  in  a  solution 
of  FeFlr3NaFl  +  iHaO  containing  0.8  mg  iron  in  1  c.c.  the 
iron  moves  toward  the  anode,  presumably  in  the  form  of  FeFle'". 
In  the  case  of  an  equivalent  solution  of  Fe3(S04)s  under  the  same 
conditions  the  difference  in  titration  value  of  a  constant  weight 
of  solution  before  and  after  electrolysis  was  three  times  as  great ; 
here  the  iron  moved  towards  the  cathode. 

1899.  W.  Bein. 

Einige  Versuche  tiber  die  Abhangigkeit  der  Ueberftihrungen  von  Salzen  von 
der  Beschaffenheit  der  Membranen,  welche  die  Elektroden-Lttsungen  voneinander 
trennen.  Ein  Beitrag  zu  dem  Verhalten  von  Membranen  gegen  Salslosungen. 
Zeit.  phys.  Chem.,  28,  439. 

Apparatus  :  superposed  glasses  with  diaphragms,  viz. ;  earth- 
enware (earth),  fish  bladder  (fish  b),  parchment  (parch),  gold- 
beater's skin  (gold).  Capacity  200g ;  Pt  electrodes  in  the  ex- 
periments with  CdCl.     20-220  C. 

On  page  447  of  the  paper  is  given  a  comparative  table  of 

Proc.  Wash.  Acad.  Sci.,  June,  1907. 
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the  results  of  Hittorf,  Kuschel,  Kirmis,  and  of  the  author,  for 
the  experiments  in  which  diaphragms  were  used. 


HCl 

0.207  percent 

CI 

0.4  g  CI 

earth 

1  ex 

a.167 

0.207 

<« 

tt 

0.4 

parch 

1 

a.  1 76 

0.297 

(« 

t« 

0.4 

fish  b 

1 

a.29- 

0.208 

tt 

tt 

0.4 

gold 

1 

c.29- 

NaCl 

0.20 

<t 

tt 

0.2  g  CI 

0.05  percent 

earth 

2ex 

ac.OOI  ±:  I 

[ 

0.2-0.3 

t< 

tt 

o-3 

2-3 

fish 

6 

ac.718  +  27 

LiCl 

0.27 

it 

tt 

o.osg  CI 

2-6  percent 

gold 

3«* 

c.739  ±  17 

CaCl, 

0.22 

tt 

tt 

o.o3g  CI 

earth 

iex 

a.582 

0.22 

tt 

tt 

0.03 

fish 

4 

a.  733  ±  19 

0.22 

tt 

tt 

0.03 

gold 

2 

a.805  db  0 

CdCl, 

0.20 

tt 

tt 

o.Q4g  CI 

4  percent 

fish 

iex 

ac.763 

0.68 

tt 

tt 

0.06 

earth 

1 

c.538 

1899.  W.  Dittenberger  and  R.  Dicti. 

Ueber  das  elektrolytische  Verhalten  des  Platin-  und  Zififichlorids.  Wied. 
Ann.,  68 y  853. 

Apparatus :  (i)  anode  and  cathode  cylinders  connected  at  the 
bottom  by  a  tube  of  0.5  mm.  diameter  bent  seven  times ;  (ii)  and 
(iii)  a  similar  tube  bent  three  times  (W-shaped).  Capacity  of 
(i)  and  (ii)  25-3<>g,  of  (iii)  300g  ;  Pt  electrodes ;  no  diaphragms ; 
no  middle  portion.  The  weight  of  Ag  given  below  is  calculated 
from  the  ampere-minutes.  The  solutions  were  analyzed  only 
for  Pt  and  Sn.  The  method  of  calculation  is  incorrect  (con- 
stant volume  of  solution  instead  of  constant  amount  of  water). 
Although  the  conductivity  greatly  increases,  the  migration  num- 
ber is  unaffected  by  setting  the  solution  of  H,.Pt040  in  sunlight 
for  14  days. 


HrPtCl40 

0.50  m 

0.002  g  Ag 

i 

iex 

ac.137 

0.44 

0.002 

i 

1 

ac.132 

0.41 

0.003 

• 

1 

2 

ac.i25±2 

0.36 

0.003 

i,  H 

3 

ac.i25±3 

O.IO 

0.0006 

ii 

2 

ac.IIIzb2 

O.OI 

0.0006 

•  •  • 

111 

1 

ac.077 

0.005 

0.0003 

iii 

1 

ac.075 

H,.PtCl, 

0.22  m 

0.002  g  Ag 

• 

1 

iex 

ac.108 

0.007 

0.0008 

iii 

1 

ac.075 

SnCl4 

6.6m 

0.005  g  Ag 

i 

iex 

ac.996 

1.2 

0.002 

• 

1 

2 

ac.9i4=bi3 

1899  Hittorf] 
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1899.  C.  Dittrich. 

Die  Uranylsalze  vom  physikalisch-chemischen  Standpunkt  aus  betrachtet. 
Zeit.  phys.  Chem.,  *of  481. 

The  solution  to  be  investigated  was  placed  in  the  bottom  of  a 
U-tube ;  above  it  in  both  branches  was  placed  a  solution  of  the 
pure  acid,  in  some  cases  in  tubes  closed  at  the  bottom  with 
parchment,  and  containing  Pt  electrodes.  When  necessary  the 
uranyl  solution  was  made  specifically  heavier  by  the  addition  of 
urea.  After  the  passage  of  the  current  the  electrode  solutions 
were  examined  for  uranium.  In  the  following  table  are  given 
the  components  of  the  mixed  solutions  investigated,  and  the 
compartment  into  which  the  uranium  migrated.  All  experi- 
ments were  performed  at  least  twice.  In  the  cases  of  the  pure 
uranyl  salt  solutions,  the  uranium  was  moved  in  all  cases  to- 
wards the  cathode. 


Na  and  UO 

,  nitrates 

cathode 

<t      it 

tt 

chlorides 

tt 

<i      ti 

ti 

6ulp  hates 

tt 

<«      44 

tt 

acetates  (both 

concen 

trated) 

anode 

«i      i< 

tt 

tt        /    it 

dilute) 

cathode 

tt      (« 

tt 

propionates 

anode 

«(      tt 

«i 

glycolates 

cathode 

tt      tt 

t< 

lactates 

tt 

>i      ti 

ti 

oxalates 

anode 

t<      tt 

tt 

tartrates 

11 

tt      tt 

tt 

citrates 

it 

it      tt 

tt 

salicylates 

mostly 

cathode,  pi 

1899.  W.  Hittorf  and  H.  Salkowski. 

Ueber  eine  merkwiirdige  Klasse  unorganischer  S&uren  und  ihr  elektrotytische* 
Verhalten.     Zeit.  phys.  Chem.,  28,  546. 

Apparatus :  two  glass  trays  connected  by  a  siphon,  «the 
cathode  in  a  glass  bell  suspended  above ;  capacity  25  c.c ;  Pt 
electrodes ;  no  diaphragms ;  no  middle  portion ;  calculation 
correct. 


PtCl4O.H, 

7  percent 

o.4g  Ag 

iez 

c.146 

2       " 

O.I 

1 

c.126 

AuCl,O.H2 

24  percent 

°-*g  A8 

1  ex 

c.232 

12      " 

0.5 

1 

c.233 

2      " 

0.14 

1 

c.227 
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1899.  0.  Masson  and  B.  D.  Steele. 

The  Blue  Salt  of  Fehling's  Solution  and  other  Cuprotartrates.  Jour.  Chem. 
Soc,  7J,  725. 

Two  flasks  containing  Pt  electrodes  surrounded  by  a  neutral 
Fehling's  solution,  prepared  by  saturating  a  potassium  hydroxide 
solution  with  cupric  tartrate,  were  connected  by  a  horizontal 
tube  filled  with  a  normal  solution  of  sodium  chloride  solidified 
by  gelatine.  A  blue  color  (complex  anion)  moved  into  the 
tube  from  the  cathode  but  not  from  the  anode  side.  In  a 
second  experiment  where  the  anode  vessel  was  filled  with 
cupric  sulphate  solution,  a  dark  blue  color  moved  as  before  up 
the  tube  from  the  cathode  flask,  and  a  light  blue  (cupric 
chloride)  from  the  anode  end ;  before  the  latter  met  the  dark 
blue  its  boundary  was  precipitated,  showing  that  it  had  met  a 
colorless  anion  (probably  tartrate)  which  traveled  faster  than 
the  complex  copper-containing  anion. 

1899.  M.  Mugdan. 

Zeit.  f.  Elektrochemie,  6,  309  (see  A.  Kendrick,  1900). 
1899.  W.  SUrck. 

Neue  Beitrage  zur  Kenntnis  der  Ionen  verdunnter  Schwefelsaure.  Zeit.  phys. 
Chem.,  29,  385.    Auszug  aus  einer  Greifswalder  Dissert. 

Apparatus :  (i)  superposed  glasses  with  parchment  or  earth- 
enware diaphragms,  (ii)  three  U-tubes  connected  by  two  si- 
phons ;  no  diaphragms ;  capacity  30-40  c.c.  Middle  portions 
unchanged ;  Pt  electrodes ;  method  of  calculation  correct. 
"  Diaphragms  hold  the  cation";  Cf.  Bein,  "hold  anions." 


H,S04 


0.30  percent        17-200        o.2g  Ag 


iex 


a.  135 


0.5-0.6 

tt 

17- 

-200 

03 

i 

5 

a.i45±    7 

2.6 

(« 

17 

-20  " 

0.9 

• 

1 

1 

a.  163 

5-2 

tt 

17 

-20° 

1.1 

• 

1 

1 

a.i75 

10-18 

t« 

17- 

-20° 

1.1 

• 

1 

7 

a.195  db  13 

3<M 

tt 

27- 

-20° 

1.1 

• 

1 

4 

a.215  ±    8 

o-59 

*< 

31° 

0.4 

•  • 

11 

1 

ac.204 

5-5 

tt 

160 

0.6 

ii 

1 

ac.198 

5.5 

it 

7° 

0.6 

ii 

1 

ac.191 

39-6 

<( 

5° 

1.1 

ii 

2 

ac.218  rb    3 

42.0 

ii 

35-37° 

0.9 

ii 

4 

ac.277  rb  10 

50-5 

it 

36° 

0.9 

ii 

1 

ac.450 

62.0 

tt 

15° 

0.7 

ii 

1 

ac.497 

70.2 

tt 

29° 

0.9 

•  • 

11 

1 

ac.569 

70.1 

ii 

47° 

0.8 

ii 

1 

ac.709 

81.0 

n 

160 

0.8 

ii 

2 

ac.644±:   4 

I 
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1900.  K.  Hell  wig. 

Ueber  einige  komplexe  Silbersalze.     Zeit.  anorg.  Chem.,  23,  157. 

Apparatus  U-shaped,  consisting  of  two  vertical  tubes  con- 
nected underneath  by  a  narrow  tube  with  a  glass  tap  in  the 
middle ;  Ag  electrodes  surrounded  with  cotton.  The  author 
showed  by  qualitative  experiments  that  Agl  moves  toward  the 
cathode,  probably  as  component  of  a  complex  cation,  in  solu- 
tions of  AgjI(NOj),  containing  from  o.2g  Agl  in  10  c.c.  up  to 
saturation  (the  latter  at  700  C). 

1900.  A.  Kendrick. 

Ueberfuhrungszahl  von  Schwefelsauregemischen  aus  Messungen  am  Blei- 
akkumulator.     Zeit.  f.  Elektrochemie,  7,  52. 

The  author  measured  the  E.M.F.'s  of  three  types  of  concen- 
tration cell ;  in  each,  electrodes  of  the  same  material  were  im- 
mersed in  two  solutions  of  sulphuric  acid,  which  were  connected 
by  a  siphon ;  the  three  kinds  of  electrodes  used  were  Pb,  H2  and 
Pb02.  The  migration  value  was  calculated  from  the  formulae 
for  the  E.M.F.'s  of  each  two  sorts  ;  the  headings  of  the  columns 
below  indicate  which  two  were  used  as  the  basis  of  calculation. 


H,S04 


H,  and  PbO 

HtandPb 

1.8  percent 

.147 

.189 

25 

«t 

.213 

.218 

4.0 

t< 

.188 

.228 

50 

*i 

.178 

.207 

7-5 

tt 

.164 

.188 

10.0 

tt 

.156 

.181 

12.5 

«t 

•131 

.158 

15-0 

tt 

.140 

.162 

17-5 

tt 

•131 

.168 

20.0 

tt 

.132 

.177 

22.5 

tt 

•133 

.177 

25.0 

tt 

.144 

.197 

275 

tt 

.187 

30.0 

tt 

.217 

325 

it 

.263 

35o 

tt 

.284 

37-5 

tt 

.296 

40.0 

tt 

•327 

42.5 

tt 

•349 

45  -o 

tt 

•351 

47-5 

tt 

•359 

50.0 

tt 

•396 

52.5 

tt 

.420 

55-o 

tt 

.456 
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The  values  calculated  from  Pb  and  Pb02  electrode  cells  are 
supplemented  by  corresponding  values  calculated  from  the 
measurements  of  Mugdan  (1899,  Zeit.  f.  Electrochemie,  69  316) 
which  are  given  in  the  third  column  below. 


Pb  and  PbOi- 

Mugdan 

1.4  percent 

.180 

3°o 

2.7      " 

.200 

.290 

53      " 

.IOO 

258 

10.2      " 

.144 

.245 

19.4      " 

.216 

.282 

1901.  H.  T.  Calvert. 

Ueber  die  Alkalisalze  des  Hydroperoxide  in  wassriger  Ldsung.  Zeit.  phys. 
Chem.,  38,  535.     Zeit.  f.  Elektrochem.,  7,  624. 

In  the  bottom  of.  a  U-tube  was  placed  the  solidified  solution 
obtained  by  diluting  a  saturated  potassium  nitrate  solution  seven- 
fold with  2  percent  agar  agar  solution  and  adding  8  percent 
(volume)  of  a  normal  sodium  hydroxide  solution  which  had  been 
saturated  with  lead  oxide.  Above  this  on  both  sides  of  the 
U-tube  was  placed  a  layer  1  cm.  deep  of  the  same  solution  with- 
out the  addition  of  plumbite.  The  rest  of  the  tube  was  filled 
with  a  solution  £  m.  in  respect  to  NaOH,  1.0  m.  in  respect  to 
H202.  The  specific  conductivity  was  the  same  throughout  the 
tube,  the  temperature  was  o°  C.  On  passing  a  current  through, 
a  brown  ring  of  lead  superoxide  was  formed  in  the  lower  agar 
agar  solution  at  the  boundary  on  the  cathode  side,  and  another 
in  the  aqueous  solution  at  the  boundary  on  the  anode  side. 
Reversing  the  current  reversed  the  phenomena.  Although  the 
author  does  not  discuss  the  possibility  of  cataphoresis  the  resul- 
tant difference  of  2  cm.  in  hydrostatic  level  on  the  two  sides 
(which  would  be  necessary  to  explain  the  results  on  this  suppo- 
sition) could  not  escape  observation,  and  thus  the  experiment 
demonstrates  the  migration  of  a  peroxide  ion. 

190Z.  R.  Gaxu. 

Ueber  die  Abhangigkeit  der  elektrolytischen  Ueberfiihrung  und  der  elektro- 
motorischen  Kraft  reversibler  Elemente  von  physikalischen  Einfliissen.  Drude's 
Ann.,  6,  315. 

From  his  measurements  of  the  E.M.F.  of  the  concentration 
cell  Zn/0.4  m.  ZnS04/o.04  m.  ZnS04/Zn  the  author  deduces 
the  formula  n  =  0.699  (x  +  0.00012  p)  to  represent  the  effect  of 
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pressure  upon  the  migration  value,  which  he  assumes  as  0.699 ; 
f  is  the  pressure  in  atmospheres. 

1 90 1.  H.  Jahn's  Schfiler. 

Ueber  die  Wanderungsgeschwindigkeit  der  Ionen  in  verdiinnten  Lttsungen. 
Zeit.  phjrs.  Chcm.,  37,  673  ;  38,  127. 

Apparatus :  N-shaped  tube  fitting  on  top  of  the  Erlenmeyer- 
flask-like  anode  compartment;  capacity  of  the  anode  vessel 
300-700  c.c. ;  no  diaphragms ;  Hg  cathode  surrounded  by  a 
concentrated  solution  of  copper  nitrate  or  cadmium  sulphate ; 
i8°-i9° ;  calculation  correct. 

In  the  fourth  column  I  have  calculated  the  percent  change 
in  the  middle  portion. 

Bogdan. 

Percent 
HC1  0.031-0.009101     o.4g  Ag        0.1  I7ex     a  .174  db  6  Zn  anode 

Bnkschnewaki. 

HNOt       0.25-0.006601       o.2-4g  Ag     0.1-0.01       23d     a. 1701k  4  Ag     •• 


Bogdan. 

KC1 

o.o3-o.oo8m 

o.4g  Ag 

O.I 

uex 

a  .503  ±  2 

Zn 

11 

NaCl 

o.o3-o.oo8m 

o.4g  Ag 

0.03-0.1 

i2ex 

a  .604  db  2 

«i 

11 

KBr 

0.03-0.01  m 

o-4g  Ag 

0.03 

9ex 

a  .504  rb  2 

it 

11 

0.069-0.034 

0.5 

O.I 

6 

a  .500  ±2 

i« 

i<    1 

0.01 7-0.01 1 

0.2 

0.13 

4 

a  .495  rb  3 

it 

11    1 

0.066 

0.3 

0.07 

3 

a  494±2 

11 

<<    r 

0.3 

03 

0.2 

3 

a  .503  ±  2 

ii 

t«    • 

NaBr 

0.0 1 5-0. 006m 

o.2g  Ag 

0.2-0.02 

6ex 

a  .604 ±3 

11 

11 

Oppenheimer. 

NaBr 

o.o32-o.oo6m 

o-4g  Ag 

0.06-O.OI 

I5ex 

a  .6062b  2 

11 

11 

Goldhaber. 

LiCl 

0.253m 

o-7g  Ag 

O.I 

3ex 

a  .7001b  2 

11 

<i 

0.125 

0.8 

O.I 

3 

a  .688  ±3 

11 

11 

0.0624 

o.5 

O.I 

3 

a  .684  ±2 

11 

11 

0.03-0.008 

0.4 

O.I-O.OI 

18 

a  .669^5 

11 

11 

Berliner. 

AgNO, 

0.03-0.005111 

o-3g  Ag 

O.I-0.03 

I3« 

a  -530  =b  5 

11 

11 

Bukachntwski. 

BaCl, 

0.016m 

o-5g  Ag 

O.I-O.OI 

3« 

a  .543  ±  1 

it 

ic 

0.008 

0.4 

O.I-0.03 

3 

a  .548  db  2 

11 

11 

0.0056-0.0029 

0.3 

O.I-O.OI 

9 

a  .553  =*=  2 

11 

ii 

1 25  percent  ethjl  alcohol. 
*  50  percent  ethyl  alcohol. 
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Goldhaber. 

CdClj        o.o6-o.oo8m        o.8g  Ag        0.4-0.01       23CX     a  .570  ±3Cd  anode 

Bukschnewaki. 

CdCl*        o.oo6-o.oo32m     o-3g  Ag        0.07-0.01       9ex     a  .570  ±  2    "       •• 


Goldluber. 

CdBr, 

0.502  m 

I.2g  Ag 

0.1 

3« 

a  .782  ±  2 

ti 

0.251 

0.8 

O.I 

3 

a  .650  ±3 

t< 

0.125 

0.7 

O.I 

3 

a  .601  ±  2 

t« 

0.083 

0.8 

O.I 

3 

a  .577  ±  2 

(« 

0.06-0.01 

0.4 

0.3-O.OI 

21 

a  .5691b  4 

<i 

Biikachneweki. 

CdBr, 

0.008-0.0033111 

o-3g  Ag 

O.I-O.OI 

I2ex 

a  .571  ±  4 

«« 

tt 

Radlich. 

Cdl, 

0.249m 

1    gAg 

0.2-0.0 

3ex 

ai.003  ±:  16 

tt 

0.125 

1    gAg 

0.2-0.0 

3 

a  .925  ±  9 

ti 

0.0805 

1    gAg 

0.2-0.0 

2 

a  .777  ±:  12 

tt 

0.0623 

1    gAg 

0.2-0.0 

3 

a  .719  ±7 

tt 

0.0409 

1    gAg 

0.2-0.0 

2 

a  .657  =b  1 

tt 

0.03 1 1 

1    gAg 

0.2-0.0 

3 

a  .619  =b  6 

tt 

0.0207 

1    gAg 

0.2-0.0 

3 

a  -593  ±  1 

tt 

0.0140 

o.6g 

0.2-0.0 

3 

a  -573  ±  2 

ti 

0.0124 

0.6 

0.2-0.0 

3 

a  .558  ±:  2 

ti 

O.OI 

0.6 

0.2-0.0 

3 

a  .554  =fc  4 

tt 

Bnkachnewaki. 

Cdl, 

0.0163m 

o-3g  Ag 

0.1-0.00 

3« 

a  .578  ±:  2 

U 

tt 

0.008-0.003 

0.2 

0.1-0.00 

10 

a  -557  ±  2 

ti 

•t 

Redlich. 

CdS04 

1. 00m 

i.6g  Ag 

3« 

a  .746  rb  7 

it 

tt 

0.50 

0.9 

3 

a  .706  ±  13 

tt 

tt 

0.251 

0.9 

4 

a  .677  ±6 

tc 

ct 

0.125 

0.9 

3 

a  .659  =h  2 

it 

tt 

0.0836 

0.7 

O.I 

3 

a  .646  ±4 

tt 

tt 

0.0628 

0.6 

2 

a  .638  ±  5 

tt 

tt 

0.0416 

0.6 

0.05 

3 

a  .632  ±  5 

tt 

tt 

0.0312 

1.1 

0.07 

3 

a  .628  zb  3 

tt 

tt 

0.0208 

1.1 

0.00 

3 

a  .621  ±  3 

ti 

tt 

Metelka. 

CuS04 

0.25-0. 12m 

o-9gAg 

O.I 

6ex 

a  .672  rb  9  Cu 

tt 

0.0820 

0.9 

0.2 

3 

a  .634  rb  5 

it 

tt 

0.0625 

0.9 

o-3 

3 

a  .627  ±.  2 

«t 

tt 

0.0416 

0.9 

0.2 

3 

a  .626  =fc  0 

tt 

tt 

0.03-0.01 

0.9 

0.4-0.1 

15 

a  .625  ±  3 

tt 

tt 
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1 90 1.  W.  Kiatiakowsky. 

Electrochemistry  of  Double  Salts.  Jour.  Chem.  Soc,  &?,  II,  121;  Zeit.  f. 
Elektrochem.,  8,  71  (from  Jour.  Russ.  Phys.  Chem.  Ges.,  33,  480,  592). 

For  apparatus  see  Kistiakowsky,  1890.  From  the  author's 
measurements  of  AgsCr(C2OJ3,  K4Fe(CN)6  and  KsCo(CN)6  he 
concludes  that  the  complex  ions  obey  Kohlrausch's  Law.  Data 
are  not  quoted  in  the  reviews. 

1 901.  A.  A.  Noyes. 

A  Modification  of  the  Usual  Method  of  Determining  Transference  Numbers 
and  an  Investigation  of  the  Influence  of  the  Concentration  on  Their  Values  in 
the  Case  of  SomeTri-Ionic  Salts.  Zeit.  phys.  Chem.,  36,  63.  Jour.  Am.  Chem. 
Soc.,  23  %  36.     Phys.  Rev.,  12,  15. 

Apparatus :  a  pair  of  vertical  U-tubes  connected  by  a  hori- 
zontal piece ;  capacity  1050  c.c. ;  Pt  electrodes ;  no  diaphragms. 
The  solutions  were  kept  neutral  at  the  electrodes  by  adding 
acid  and  alkali  during  the  electrolysis.  The  electrolyses  were 
carried  out  at  25 °  C.  In  the  fourth  column  are  given  the 
changes  in  the  middle  portions.  The  method  of  calculation  is 
correct. 


K2S04 

0.1m 

3g  Ag 

0.3-0.03  percent 

3ex 

c-5o69d=  1.1 

0.02 

0.5 

0.3-0.03       " 

3 

c.5038  db  0.5 

BaCl, 

o.im 

2g  Ag 

0.1-0.05       •• 

4ex 

c.5853±C"3 

0.02 

0.5 

0.1-0.02       ** 

3 

c.5578  rb  0.8 

Ba(NO,), 

0.2m 

2gAg 

0.02-0.01     " 

4ex 

•c.5450  zb  0.7 

0.04 

0.5 

0.003-0.00  ** 

3 

ac.5437  rfc  2.2 

1 901.  A.  A.  Noyes  and  A.  A.  BUnchard. 

Vorlesungsversuche  zurVeranschaulichung  der  elektrolytischen  Dissociation, 
der  Gesetze  des  Gleichgewichts,  und  der  Geschwindigkeit  chemise  her  Vorgange. 
Zeit.  phjrs.  Chem.,  36,  1. 

Lecture  experiments  Nos.  5,  6,  and  7  employ  rather  complex 
mixtures  to  show  qualitatively  by  the  direct  method  the  migra- 
tion of  the  ions  of  copper  chromate,  potassium  hydrate,  a  mix- 
ture of  hydrochloric  acid  and  cupric  chloride,  and  of  potassium 
silver  cyanide. 

1 901.  W.  Pfanhauser. 

Ueber  das  elektrochem  ische6  Verhalten  des  Nickelamm  on  snip  hats.  Zeit.  f . 
Elektrochem ie,  7,  698. 

Apparatus :  a  U-tube  with  a  glass  vessel  upon  each  end ; 
Ni  anode  surrounded  by  a  solution  of  ammonium  sulphate ;  Pt 
cathode ;  parchment  diaphragms. 
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(NH4),.Ni(S04)2  saturated  solution 


0.1m 


0.7m 


i8°C 
180     I 

5o° 


Ni 
NH4 


•507 

!   toward  cathode. 

•499 
1 901.  B.  Rieger. 

Ueber   die   Konstitution   halbkomplexer   Salze  nach    ihrer  elektrolytischen 

Ueberftihrung.    Dissert.  Breslau.    Zeit.  f.  Elektrochemie,  7,  863,  871. 

Apparatus:  two  vertical  U-tubes  joined  by  a  sloping  tube 
{capacity  60  c.c.) ;  Pt.  electrodes  ;  no  diaphragms ;  o«4g  Ag ; 
middle  portions  unchanged. 

The  results  below  were  calculated  by  the  author  for  concen- 
tration changes  in  constant  volume,  not  for  constant  amounts  of 
water,  as  is  correct.  A  Cu  anode  was  employed  in  the  experi- 
ments with  copper  sulphate,  and  an  Ag  anode  with  potassium 
mercury  cyanide. 

Lest  the  experimental  results  of  this  paper  presented  in  a 
short  summary  should  be  misleading,  I  have  introduced  the 
fifth  column  below  which  records  the  number  of  monovalent 
equivalents  moved  from  the  cathode  into  the  anode  compart- 
ment while  one  equivalent  of  silver  is  precipitated  in  the  volta- 
meter ;  in  the  case  of  K2S04.CuS04,  the  Cu  moved  toward  the 
cathode.  The  sixth  column  gives  Rieger's  interpretation  of 
the  results. 

In  experiments  with  potassium  ferrous  oxalate  the  author 
found  a  small  increase  in  the  concentration  of  Fe  at  the  anode. 


CuS04 
CuS04.K,S04 


0.291m  5ex 

0.291m  5 

0.191m  3 

Agl  0.078m  -f  KI  1.96  m  4ex 

Hgl,  0.214m  -f  KI  0.782m  5ex 

Hg(CN),.2KCN  0.810m  4ex 

Zn(CN)2  0.281m  +  KCN  1.087m  3ex 

Cd(CN)r2KCN  0.772m  5ex 


a.67-  ±  15 


— 0.071  Cu 
—  0.074  Cu 

0.018  Ag 

0.26  Hg 

034  Hg 

0.22  Zn 

0.30  Cd 


f  Hg(CN)4 
(  a.34-  db  10 

f  Cd(CN)4 
(  a.29-  zb  20 


0.408m       5ex        0.43  Fe 


f  Fe(C,04), 

(  a.43-  rb  20 


KsFe(C,04), 

1 901.  B.  H.  RiMenfald. 

Ueber  elektrolytische  Erscheinungen  an  der  Grenzflache  zweier  L6sungs- 
mittel.    Zeit.  f.  Elektrochem.,  7,  645. 

An  entirely  new  method.     An  electrolyte  is  dissolved  in  two 
not  completely  miscible  solvents  so  that  these  are  in  equilibrium 
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with  each  other,  and  the  two  solutions  are  placed  in  a  U-tube 
so  that  there  is  a  layer  of  the  lighter  solution  in  both  arms  sur- 
rounding the  electrodes  while  the  heavier  fills  the  bottom  of  the 
tube.  If  now  an  electrochemical  equivalent  of  current  be  sent 
through,  there  will  have  occurred  in  the  one  meniscus  an 
increase  of  concentration,  in  the  other  a  decrease,  both  equal 
to  the  difference  in  migration  value  in  the  two  solvents.  This 
accumulation  in  the  boundary  is  divided  between  the  surface 
layers  of  the  two  liquids  in  the  relation  of  the  distribution  ratio 
(Verteilungscoefficient),  and  is  removed  from  them  in  propor- 
tion to  the  rates  of  diffusion  in  the  two  solvents.  Hence  in  a 
favorable  case  where  the  product  of  the  distribution  ratio  and 
the  square  root  of  the  ratio  of  the  rates  of  diffusion  is  large, 
practically  all  the  accumulated  electrolyte  goes  into  the  elec- 
trode solution.  Hence  from  analysis  of  the  electrode  solution 
before  and  after  electrolysis  we  may  measure  the  migration 
value  in  the  solvent  in  the  middle  of  the  tube.  The  fact  that 
with  potassium  iodide  the  value,  19-  was  obtained  under  varia- 
tion of  the  concentration  (from  0.029  m  to  0.13  m  in  the  aque- 
ous solution),  the  volume  of  electrode  solution,  and  the  current 
density  is  regarded  as  a  proof  of  the  correctness  of  the  theo- 
retical treatment.  For  potassium  dichromate,  ferric  sulpho- 
cyanate,  and  ortho-nitro-phenol  the  migration  value  of  the  anion 
is  greater  than  in  aqueous  solution. 

1 90 1.  B.  D.  Steele. 

A  New  Method  for  the  Measurement  of  Ionic  Velocities  in  Aqueous  Solution. 
Trans.  Chem.  Soc,  79,  414.    Zeit.  f.  Elektrochem,  7,  618. 

Apparatus  :  an  H-tube  with  electrode  chambers  attached.  The 
H-tube  contained  the  aqueous  solution  to  be  investigated ;  while 
the  electrode  chambers  were  filled  with  an  "  indicator"  solution 
solidified  by  gelatine.  The  author  measured  the  ratio  between 
the  rates  at  which  the  tube's  two  surfaces  of  contact  approached 
each  other ;  the  boundaries  being  detected  by  the  difference  in 
refraction.  The  indicators  employed  had  one  ion  in  common 
with  the  solution  to  be  measured,  while  the  specific  velocity  of 
the  other  ion  was  less  than  that  of  the  ion  it  followed  through 
the  H-tube.  Under  these  conditions  the  observed  rates  are 
proportional  to  the  specific  ionic  velocities. 
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Two  determinations  with  MgS04  in  2  m  solution  by  the  an- 
alytical (Hittorf)  method  are  published  without  data  ;  n  =  .732 
and  .744. 

The  third  column  in  the  table  below  gives  the  indicators  em- 
ployed. "  Most  of  the  experiments  were  carried  out  at  140 
C."     No  allowance  was  made  for  cataphoresis. 


MgS04 

2.0m 

CuS04, 

K,Cr04 

ac.729 

2.0m 

4i 

tt 

ac.688  (in  gelatine) 

2.0m 

tt 

NaC,HsO, 

ac.734 

2.0m 

CdS04, 

tt 

ac.738 

2.0m 

LiCl, 

tt 

ac.56-  to  .61- 

NaCl 

2.0m 

«« 

tt 

ac.590 

1.0 

t« 

tt 

• 

ac.592 

05 

ii 

tt 

ac-597 

KC1 

2.0m 

<i 

tt 

6ex 

ac.489 

1.0 

i« 

tt 

ac.488 

05 

tt 

tt 

ac.490 

KBr 

2.0m 

tt 

tt 

6ex 

ac.468 

1.0 

tt 

tt 

2 

ac.473 

0.5 

tt 

tt 

5 

ac.478 

O.I 

tt 

tt 

ac.483 

NaBr 

0.5m 

tt 

tt 

ac.595 

CdS04 

2.0m 

tt 

tt 

ac.62-  to  .65- 

1 901.  A.  Wieslcr. 

Beitrage  zur  Kenntnis  der  Metaphosphate.    Zeit.  anorg.  Chem.,  28,  190. 

Apparatus  same  as  used  by  Jahn,  capacity  of  anode  200  c.c. ; 
Zn  anode,  Hg  cathode ;  no  diaphragms ;  method  of  calculation 
correct. 

NaPO,        0.039m        o.65g  Ag        1  percent        2ex        a.590  ±  o 

1902.  R.  Abegg  and  W.  Gaus. 

Beitrage  zur  Theorie  der  direkten  Bestimmungsmethode  von  Ionenbeweglich- 
keiten.    Zeit.  phys.  Chem.,  40,  737. 

The  apparatus  and  method  were  the  same  in  principle  as  those 
used  by  Steele,  1901  and  1902,  but  modified  to  measure  the 
cataphoresis. 

NaCl         3  percent      LiCl,  NaC,H50,     7ex     ac.606  varied  potential  fall. 
KC1  0.5m  ?  "  "  iex     ac.508  corrected  for  cataphoresis. 

1902.  A.  Coehn. 

Ein  Beitrag  zur  Oxonium theorie.     Ber.  jj,  III,  2673. 

The  author  showed  that  when  a  solution  of  20  percent  hydro- 
chloric acid  and  20  percent  di-methyl-pyrone  is  placed  between 
electrode  solutions  of  10-20  percent  hydrochloric  acid,  that  the 
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di-methyl-pyrone  moves  into  the  cathode  compartment.  The 
first  apparatus  was  a  beaker  into  which  dipped  tubes  closed 
underneath  with  parchment  and  containing  the  electrodes  and 
hydrochloric  acid.  The  second  was  a  vertical  U-tube,  the 
upper  halves  of  whose  arms  were  attached  by  ground  glass 
joints  so  that  they  could  be  separated  by  sliding  horizontally ; 
the  lower  half  contained  the  di-methyl-pyrone. 

1902.  F.  G.  Donnan,  H.  B.  Batsett  and  C.  J.  J.  Fox. 

The  Color  Changes  exhibited  by  the  Chlorides  of  Cobalt  and  some  other 
Metals,  from  the  standpoint  of  the  Theory  of  Electroaffinity.    Jour.  Chem.  Soc., 

*'*  939- 

Two  electrode  chambers  are  connected  by  a  horizontal  tube 
closed  at  each  end  by  a  plug  of  plaster  of  Paris.  When  the 
electrode  compartments  were  filled  with  strong  solution  of  cal- 
cium chloride  and  blue  cobalt  chloride,  and  the  horizontal  tube 
with  calcium  chloride  solution,  the  blue  color  traveled  down  the 
tube  toward  the  anode.  When  the  end  vessels  contained  red 
cobalt  chloride  and  the  tube  potassium  chloride,  the  red  color 
moved  toward  the  cathode.  Cataphoresis  was  not  measurable. 
Further  experiments  were  performed  in  a  U-tube,  the  lower 
half  containing  the  heavy  solution,  and  both  arms  the  other 
(electrode)  solution. 

Lower  Colored  Layer.  Upper  Colorless  Layer. 

(1)  CoCl2  (blue)  in  concentrated  HCl  concentrated  HC1 

(2)  "  ••       "  "  MgCl,  "  MgCi, 

(3)  "         "       "  "  CaCl,  "  CaCl, 

(4)  fairly  dilute  CoCl,  (red)  KC1 

(5)  CoCl,  (red)  -f  concentrated  CaCl,  and  ZnCl,    concentrated  CaCl,  -f-  ZnCl, 

(6)  Fehling's  solution  alkaline  tartrate  solution 

(7)  ammoniacal  copper  sulphate  NH4OH  +  NH4S04 

(8)  CoCl,  (blue)  in  alcohol  CaCl,  or  HCl  in  alcohol 
(Sa)  CoCl,  (red)  in  alcohol  at  —  79°  CaCl,  or  HCl  in  alcohol 

(9)  CoCl,  (red)  +  HgCl,  in  alcohol  HgCl, 
(10)      "         "     •«       "      "       "  HCl 

(n)  Fed,  in  concentrated  HCl  (concentrated  HCl)  ? 

(12)  CuCl,  "  "  "  '•  4t 

In  (i),  (2),  (3),  (6),  (8),  the  blue  color  moved  toward  the 
anode ;  in  (4),  (5),  (7),  (9)  and  (8a)  the  red  color  moved  towards 
the  cathode ;  in  (10)  the  blue  meniscus  on  the  anode  side  moved 
off  toward  the  anode  leaving  a  colorless  layer  above  the  red 
solution,  at  the  cathode  side  the  blue  color  at  the  meniscus  ex- 
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tended  itself  down  into  the  red  layer,  although  the  meniscus 
remained  stationary;  in  (11)  and  (12)  the  brownish  yellow 
moved  toward  the  anode. 

The  foregoing  experiments,  the  general  behavior,  the  freez- 
ing points  and  conductivity  alone  and  mixed,  etc.,  are  all  con- 
sistently explained  by  the  authors'  conclusion  that  the  simple 
cobalt  cation  is  red,  and  that  the  blue  is  a  complex  anion 
CoCls'  orCoCl/'.  '  Similarly  the  brownish  yellow  of  ferric  and 
copper  chlorides  is  attributed  to  a  complex  anion. 

190a.  W.  Hittorf. 

Bemerkungen  liber  die  Bestimmungen  der  Ueberfuhrungszahlen  der  Ionen 
wahrend  der  Elektrolyse  ihrer  Lttsungen.  Das  Verhalten  der  Diaphragmen  bei 
derselben.  Arch.  Neerl.  (2)  6,  671 ;  Zeit.  phys.  Chem.,  jo,  613 ;  43,  239.  Drude's 
Ann.,  o,  243. 

Apparatus  :  N-shaped  tubes  and  superposed  glasses ;  capacity 
of  anode  vessel  20~40g ;  no  middle  portion.  Various  dia- 
phragms were  employed,  viz. :  bolting  silk  (bolt),  earthenware 
(earth),  intestinal  membrane  (darm)  and  gold  beaters'  skin 
(gold).  Anode  Cd,  the  cathode  is  indicated  below  in  the  fourth 
column.     One  experiment  each. 

The  author  observed  with  a  differential  spectroscope  the  cur- 
rents occasioned  in  the  solutions  by  the  diaphragms ;  these  oc- 
curred only  with  the  chlorides  of  cadmium,  calcium,  barium, 
and  strontium,  the  nitrates  of  silver  and  thallium,  and  the  strong 
free  acids ;  not  with  the  nitrates,  acetates,  and  iodides  of  the 
alkalis.  The  action  is  described  as  the  splitting  up  of  the  solu- 
tion into  a  more  concentrated  and  a  more  dilute,  which  are 
ejected  at  opposite  sides  of  the  diaphragm.  The  diaphragms 
which  modify  the  transport  number  are :  intestinal  membrane, 
gold-beaters'  skin,  membrane  of  an  egg,  and  gelatine.  With- 
out influence  are :  agar  agar,  and  earthenware. 


CuS04 

0.656  m 

160 

i.igAg 

Hg 

darm 

a  .714 

BaCl, 

0.125  m 

25° 

o.8g  Ag 

Pt 

bolt 

a  .644 

0.125 

25° 

r.o 

it 

earth 

a  .648 

0.0908 

23° 

o-3 

«t 

bolt 

a  .576 

0.0908 

23° 

o-3 

it 

bolt,  earth 

a  .575 

CaCi, 

0.123  m 

20° 

o.7g  Ag 

tl 

bolt 

a  .675 

0.0551 

20° 

0.2 

»< 

earth 

a    596 

MgCl, 

1.40    m 

23° 

o-5g  Ag 

«t 

bolt 

a  .719 

0.104 

24° 

0.2 

(t 

it 

a  .649 
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CdCl, 

7.69    m 

22° 

i-4g  Ag 

Hg 

none 

ai.137 

2.61 

19° 

0.7 

K 

ti 

a  .801 

1-33 

19° 

1-5 

it 

ti 

a  .724 

0.372 

17° 

0.8 

t« 

tt 

a  .589, 

Cdl, 

1.61     m 

17° 

o-5g  Ag 

<i 

tt 

ai.245 

ZnCl, 

3-56    m 

1 8° 

log  Ag 

tt 

ii 

ai.241 

CdCl2 

0.101  m 

17° 

o-3g  Ag 

<i 

tt 

a  .565 

O.IOI 

17° 

0.3 

<t 

earth 

a  .568 

O.IOI 

17° 

03 

<t 

darm 

a  .743 

O.IOI 

160 

0.2 

ti 

darm, 

earth 

a  .564 

0.0704 

22° 

°-5 

it 

darm 

a  .737 

0.0965 

17° 

03 

<t 

tt 

a  .593 

2.70 

19° 

0.5 

tt 

it 

a  .844 

i-57 

I7.50 

05 

tt 

gold 

a  .802 

1.49 

180 

0.4 

ii 

tt 

a  .801 

0.0404 

19° 

0.2 

ii 

tt 

a  .752 

0.0131 

18.90 

O.I 

tt 

tt 

a  .636 

O.II 

05 

44  6 

olidified  by  gelatine 

a  .55  * 

KC1 

0.226  m 

17° 

o.4e  As 

Pt 

darm 

a  .«» 

190a.  H.  Morse. 

Ueber  die  Dissociation  der  Merkurihaloide.    Zeit.  phys.  Chem.,  41,  yog. 

By  qualitative  measurements  it  was  found  that  when  the  fol- 
lowing chemicals  are  dissolved  in  strongly  acid  mercuric  nitrate 
solutions  and  electrolysed,  the  halogen  increases  in  concen- 
tration in  the  cathode  solution :  AgCl,  HgCl2,  AgBr,  HgBr2, 
Agl,  Hgl2 ;  the  property  increasing  in  the  order  mentioned.  The 
preliminary  experiments  were  performed  in  a  U-tube,  the  solu- 
tion being  solidified  with  agar  agar  and  the  upper  half  of  the 
tube  being  filled  with  silver  nitrate;  cataphoresis  was  pro- 
nounced. The  final  experiments  were  made  in  two  beakers 
connected  by  a  siphon  without  diaphragms. 

1902.  A.  A.  Noyti  and  O.  V.  Sammet. 

The  Equivalent  Conductivity  of  the  Hydrogen  Ion  derived  from  Transference 
Experiments  with  Hydrochloric  Acid.  Jour.  Am.  Chem.  Soc.,  24,  944.  Zeit. 
phys.  Chem,  43^  49. 

Apparatus :  a  pair  of  vertical  U-tubes  connected  by  a  hori- 
zontal piece ;  capacity  1300  c.c. ;  Pt  electrodes ;  no  diaphragms  \ 
calculation  correct. 

The  paper  further  contains  measurements  of  the  conductivity 
of  the  hydrochloric  acid. 

In  the  following  table  the  results  discarded  by  the  authors  are 
omitted. 
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HCl 
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0.050  m 

20° 

o.8g  Ag 

0.6-0.00 

percent 

9ex 

ac.1657  rfc  2.3 

0.017 

20° 

0.3 

0.5-0.00 

it 

11 

ac.  1674  ±1.9 

0.017 

IO° 

o.3 

0.1-0.00 

<< 

6 

ac.i586d=  1.3 

0.017 

30° 

0.3 

0.6-0.00 

it 

6 

ac.i773±o.6 

0.0056 

20° 

0.18 

0.2 

ct 

10 

ac.1671  ±2.7 

H.  Rietenfeld. 

1902.  E. 

Bestimmung  der  Ueberf  uhrungszahl  einiger  Salze  im  Phenol.  Drude's  Ann., 
8,  609. 

For  apparatus  and  method  seeRiesenfeld,  1901 ;  Pt  electrodes. 

KI 
KBr 
KC1 
LiCl 

1902.  H.  Schlundt. 

On  the  Relative  Velocities  of  the  Ions  in  Solutions  of  Silver  Nitrate  in  Pyri- 
dine and  Acetonitrile.    Jour.  Phys.  Chem.,  6,  159. 

Apparatus  :  similar  to  a  Gay-Lussac's  burette,  Ag  cathode  at 
top,  Ag  anode  at  bottom ;  capacity  30  c.c.  and  60  c.c. ;  no  dia- 
phragm ;  middle  portion  changed  less  than  1  percent ;  method 
of  calculation  correct. 


0.03-0.2  m 

i3°-2o° 

0.2  g  Ag 

c.191 

0.134  m 

14° 

o.27g  Ag 

c.196 

0.212  m 

I5°-i6° 

0.3  g  Ag 

c.192 

0.167  m 

15° 

o-25g  Ag 

c.229 

AgNO,  in 

Pyridine 

1.0    m 

23°    • 

o.i7g  Ag 

lex 

ac.673  ±:  1 

o.5 

o°-23° 

0.16 

3 

ac.661  ±  4 

0.1 

0°-2I° 

0.16 

3 

ac.603  d=  9 

0.025 

22° 

0.05 

2 

ac.559  =b  8 

AgNO j  in  Acetonitrile 

1.0    m 

180 

0.2  g  Ag 

iex 

ac.616  ±:  2 

0275 

190 

0.12 

1 

ac.578  dt  2 

0.091 

17° 

0.12 

1 

ac.551  dr  4 

0.029 

19° 

0.08 

1 

ac.529  =b  2 

1902.  B.  D.  Steele. 

Die  Messung  von  Ionengeschwindigkeiten  in  wasserigen  Ldsungen,  und  die 
Existenz  komplexer  Ionen.  Zeit.  phys.  Chem.,  40,  689.  Phil.  Trans.,  /o£,  105. 
Tour.  Chem.  Soc,  79,  414. 

For  apparatus  and  method,  see  Steele,  1901.  The  indicators 
(normal  solutions)  were  CuS04  with  Cu  anode,  LiCl  +  Li,COs, 
MgCl2  +  MgO,  CdSO,  with  Cd  anode,  Na.CaHsOa  +  H.CaHsO„ 
KF  +  H.C2Hs02. 

Observations  made  at  the  indicator  boundaries  showed  the 
existence  of  complex  anions  in  solutions  of  KI,  and  KFe"'Ox. 

KCl  0.5-2.0  m        LiCl,  NaCjHjO,  ac.489  d=  1 

NaCl  0.5  m  "  "  ac.597 

1.0  "  "  ac.591 

2.0  *'  "  ac.590 
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KBr 

0.1  m 

LiCl,  NaCjHjO, 

ac.483 

05 

tt             * 

ac.478 

1.0 

it            t 

ac.473 

2.0 

tt             t 

ac.468 

KBrO, 

0.29  m 

it             t 

ac.385 

NaBr 

0.5  m 

it            i 

ac.595 

LiCl 

0.5  m 

CdS04,     * 

ac.716 

1.0 

it            t 

ac.751 

KOH 

0.574  m 

LiCl,  KBr 

ac.  730 

AgNO, 

1. 15  m 

CuS04,  KF1 

ac.486 

BaCl, 

0.25  m 

MgCl,,  NaCjHjO, 

ac.576 

05 

*t 

tt 

ac.619 

1.0 

1 1 

1 1 

ac.633 

SrCl, 

0.25  m 

tt 

t  i 

ac.625 

0.5 

it 

tt 

ac.665 

1.0 

CuS04 

tt 

ac.709 

CaCl, 

0.25  m 

CdS04 

ti 

ac.681 

0.5 

t» 

tt 

ac.697 

1.0 

CuS04 

tt 

ac.715 

MgCl, 

0.25  m 

CdS04, 

*t 

ac.705 

05 

tt 

t  i 

ac.722 

1.0 

CuS04 

tt 

ac.740 

MgSO, 

0.092  m 

CdS04 

tt 

ac.646 

0.25 

tt 

tt 

ac.693 

05 

tt 

it 

ac.715 

1.0 

tt 

tt 

ac.737 

CuS04 

0.5  m 

tt 

tt 

ac.66- 

1.0 

tt 

it 

ac.73- 

KaCr04 

0.25   m 

LiCl 

tt 

ac.447 

1.0 

tt 

it 

ac.403 

KFe'"Ox 

0.603  m 

tt 

tt 

ac.331 
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1902.  B.  D.  Steele  and  R.  B.  Denlson. 

The  Transport  Number  of  very  Dilute  Solutions.  Trans.  Chem.  Soc.,  8i9 
456. 

Apparatus  :  a  W-tube  arranged  so  that  a  current  of  unaltered 
solution  could  be  passed  down  through  the  inside  legs,  so  that 
the  middle  portion  was  continually  renewed ;  this  made  the 
total  quantity  of  liquid  for  analysis  in  each  half  of  the  apparatus 
three  liters;  no  diaphragms;  Pt  electrodes  surrounded  with 
alkali  and  acid  respectively ;  calculation  correct. 

CaS04  0.0045  m  o-3g  Ag  0.4-2  percent  6ex  c.559  d=  13 

Ca(NOs),  0.0047  m  o-4gAg  2-0.4       4I  3«  c.550  ±    3 

CaCl,  0.0046  m  o.4g  Ag  2-0.3       **  3ex  c.562  ±   6 

KC1  0.0025-0.004601  o.4g  Ag  1-0.06     "  9ex  c.505  ±   4 

Proc.  Wash.  Acad.  Sci.,  June,  1907. 
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1903.  6.  Carrara. 

Per  lateoria  del  la  dissociazione  elettrolitica  in  solvent!  diversi  dall'acqua.  III. 
Influenza  del  solvente  sopra  i  numeri  di  trasporto.     Gazz.  chim.  jj,  I,  241. 

Apparatus :  (i)  see  Loeb  and  Nernst ;  capacity  30  c.c. ; 
(ii)  cylindrical  glasses  superposed  on  one  branch  of  a  U-tube, 
the  bottom  of  each  being  closed  by  fish  bladder ;  capacity  40- 
70  c.c. ;  (iii)  an  M-tube  without  diaphragms  with  outlets  on  the 
three  lower  extremities  ;  capacity  100  c.c. ;  two  middle  portions 
with  a  change  2-20  percent  as  great  as  the  end  portions ;  25 CC. 
The  method  of  calculation  is  correct.  The  unusual  duration  of 
the  experiments  (up  to  50  hours)  must  have  occasioned  mixing 
by  diffusion  and  convection.  The  solvent  was  in  all  cases  pure 
methyl  alcohol. 


Anode.    Cathode. 

AgNO, 

0-0093  m 

o.03g  Ag 

i 

Ag/Pt 

3ex 

ac  .489  dr  23 

Cu(NOb), 

0.125  m 

0.2  g  Ag 

i 

Cu/Pt 

3ex 

(  a  .454  ±:  9 
1  c  .375  d=  70 

O.III 

0.2 

• 

1 

t< 

4 

f  a  .491  d=  18 
(   c  .285  db  68 

Cd(NOb), 

0.02-0.05  m 

0.7  g  Ag 

i 

Cd/Pt 

3ex 

ac  .430  zk  10 

LiNO, 

0.260  m 

0.8  g  Ag 

i 

n 

lex 

ac  .765  ±z   6 

0.260 

0.7 

ii 

it 

2 

ac  .753  ±20 

0.21 

0.7 

ii 

Pt  or  Cd/Pt 

2 

ac  .710  d=  37 

AgCIO, 

0.0118  m 

o.o3g  Ag 

i 

Ag/Pt 

3ex 

(  a  .418  d=  4 
I   c  .377  dr  10 

Cu(C10,), 

0.1 14  m 

0.4  g  Ag 

i 

Cu/Pt 

3ex 

f  a  .580  zh  14 
(   c  .42- ±65 

LiCIO, 

0.19  m 

0.6  g  Ag 

i1 

ii 

1  ex 

ac  .707  dz  11 

0.14 

0.4 

i» 

Cu  or  Pt/Pt 

2 

ac  .719  d=  15 

Cd(ClO,), 

0.083  m 

0.5  g  Ag 

i 

Cd/Pt 

2ex 

ac  .273  dr   8 

0.024 

0.15 

i 

(t 

2 

ac  .223  ±:   9 

CuCl, 

0.189  m 

0.6  g  Ag 

iii 

Cu/Pt 

iex 

ac  .642  dr    0 

0.062 

0.25 

•  •  • 

111 

i* 

1 

ac  .629  ±:   5 

CdCl, 

0.0558  m 

0.1  gAg 

•  •  • 

111 

Cd/Pt 

2ex 

ac  .736  ±z  10 

0.0380 

0.14 

... 
111 

»i 

1 

ac  .627  dr  21 

0.0254 

0.04 

•  •  • 

111 

n 

2 

ac  .608  d:   6 

Cdl, 

0.1060  m 

o.i  g  Ag 

i 

ii 

2ex 

ac  1.409  ±    1 

0.0532 

O.I 

i 

it 

2 

ac  1.270  d:  17 

0.0243 

0.05 

i 

ii 

2 

ac  1. 211  zb  19 

Lil 

0.02-0.1  m 

0.3  g  Ag 

•  • 

11 

it 

3ex 

ac  .632  d:  21 

0.057 

0.16 

•  •  • 

111 

II 

1 

ac  .590  ±   9 

N(C,H5)4.I 

0.048  m 

o.o3g  Ag 

ii 

n 

iex 

ac  .764  dr    3 

0.0260 

0.09 

iii 

ii 

1 

ac   .730  d:    O 

S(CH,),.I 

0.091  m 

o.i7g  Ag 

iii 

it 

iex 

(   a  .623 
I   c  .568 

1  With  fish-bladder  diaphragms. 
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Cd.(CfH8Of), 

0.0515  m 

0.1  g  Ag 

i 

t< 

2ex 

ac 

.240  db    8 

0.0275 

O.I 

i 

ti 

1 

ac 

.167  ±.    2 

Cu.JC^O,), 

0.0174  m 

o.o8g  Ag 

•  • 

11 

Cu/Pt 

2ex 

c 

.594  ±  29 

Li.C,H,Oa 

0.29  m 

0.6  g  Ag 

•  • 

11 

Cd/Pt 

2ex 

ac 

.5I5±   9 

CuS04 

0.168  m 

0.2  g  Ag 

Cu/Pt 

4ex 

ac 

.356  ±  38 

1903.  A.  Charpentier. 

Sur  le  transport  electro  lytique  de  certains  ions  dans  la  gelatine.  Comptes 
rcndus,  /?£,  1652. 

The  author  finds  that  the  chromate  ion  of  chromic  acid  and 
potassium  bichromate  moves  in  gelatine  toward  the  anode  with 
velocity  comparable  to  that  of  H '  or  OH' ;  no  reference  is 
rpade  to  cataphoresis. 

I903.  R.  B.  Denison. 

Beitrage  zur  direkten  Messung  von  Uebcrfuhrungszahlen.  Zeit.  phyg. 
Chem.,  44,  575. 

For  apparatus  and  method,  see  Steele,  1901 ;  allowance  for 
cataphoresis  as  in  Abegg  und  Gaus,  1902.  In  some  of  the 
experiments  with  strontium  chloride  and  lithium  chloride  the 
solutions  contained  gelatine,  liquid  or  solid  as  indicated  below. 
Electrodes  Cu.  A  qualitative  experiment  showed  the  existence 
of  complex  anions  in  copper  acetate  solution. 


NaCl 

0.5m 

LiCl,  NaC,H,0, 

5ex 

ac.618  db  1 

NaBr 

0.5m 

41                             11 

6ex 

ac.619  =b  6 

KC1 

0.5m 

«t                            44 

3ex 

ac.510  ±  2 

KBr 

0.5m 

14                         It 

4ex 

ac.505  =b  3 

K,CrO< 

0.5m 

11                         It 

4ex 

ac.484  ±  4 

CaCl, 

0.5m 

CdS04,     " 

3ex 

ac.666  ±  1 

MgCl, 

0.5m 

14                           44 

3ex 

ac.685  =fc  3 

1.0 

11                           it 

3 

ac.697  zfc  0 

MgSO, 

0.5m 

44                           ft 

3ex 

ac.68c  rfc  2 

1.0 

4  4                           44 

3 

ac.698dzO 

2.0 

if                           tt 

3 

ac.7i7db3 

LiCl 

0.5m 

It                         41 

3« 

ac.7i8±  2 

1.0 

It                         14 

4 

ac.734  ±  5 

0.5 

-,  Cu(C,H,0,),? 

2 

ac.738  db  0  solid  gelatine 

1.0 

44            11 

2 

ac.729dr4    "            '• 

SrCl, 

0.5m 

CdCl,,  NaC,H,0, 

2ex 

ac.635  ±  0 

1.0 

MgCl,, 

4 

ac.641  =b  1 

05 

Cu,               — 

4 

ac.652  db  3  solid  gelatine 

1.0 

tt                *< 

2 

ac.671  =b  1     "            " 

0.5 

Mg,              - 

3 

ac.634  dr  1  gelatine  liquefied 

1.0 

44                                     44 

1 

ac.648 
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1903.  Goldberger. 

(Quoted  by  W.  A.  Roth  Zeit.  phys.  Chem.,  42,  210,  from  unpublished 
experiments. ) 

BaCl2.  In  the  following  table  the  volume  percent  of  ethyl 
alcohol  is  given  at  the  head  of  the  column,  the  concentration  of 
the  barium  chloride  in  the  first  column. 


0 

10 

20 

*5 

30 

40 

0.033m 

.543 

.531 

.540 

•549 



•533 

0.017 

.548 

.536 

•543 

.551 

•545 

.536 

O.OII 

.553 

•545 

•547 

.550 



.536 

0.008 

•554 

.546 









1903.  Horabostel. 

(Quoted  by  W.  A.  Roth,  Zeit.  phys.  Chem.  42 f  210,  from  unpublished 
experiments.) 

KC1    0.034-0.0084111  180     I2ex     —  .494  ±  4  in  10  volume  percent  alcohol. 

0.034-0.011  180       9        —  .481  ±5  "25       «•            ««           «« 

1903.  R.  Kremann. 

Ueberfiihrungsversuche  zur  Entscheidung  der  Konstitution  von  Salzen. 
Zeit.  anorg.  Chem.,  jjt  87  (6ee  also  polemic,  ibid.,  jj,  48). 

The  formulae  of  Werner  for  purpureo-cobalt-chloride  (ClCo- 
(NH3)5).C12  was  confirmed  by  the  movement  of  the  colored  so- 
lution (rendered  heavier  by  cane  sugar)  toward  the  cathode 
when  electrolyzed  in  a  U-tube  between  an  anode  solution  of 
Na2S04  and  a  cathode  solution  of  H2S04 ;  for  the  praseobisul- 
phate,  by  its  similar  behavior;  and  for  diamine-cobalt-potas- 
sium-nitrite,  by  its  movement  toward  the  anode,  between  solu- 
tions of  H2S04  (anode)  and  acetic  acid  (cathode).  The  results 
were  checked  by  direct  electrolysis  of  the  pure  solution  in  a  W- 
shaped  tube  and  analysis  of  the  solution  in  the  neighborhood 
of  the  electrode ;  in  the  case  of  chlorpurpureo-cobalt-nitrate 
(ClCo(NH3)5).(N03)2  the  amount  of  chlorine  in  the  neighbor- 
hood of  the  zinc  cathode  increased  on  electrolysis,  and  was  les- 
sened at  the  anode  ;  in  the  case  of  the  diamine-cobalt-potassium- 
nitrite  the  cobalt  collected  in  the  neighborhood  of  the  anode. 

Bredig's  conception  of  methyl  orange  as  an  amphoteric  elec- 
trolyte was  discredited  by  the  fact  that  when  a  strongly  acid 
solution  was  electrolvzed  in  a  U-tube  between  solutions  of  acid 
no  movement  of  the  colored  layer  toward  the  cathode  could  be 
detected ;  on  the  other  hand,  when  the  methyl  orange  solution 
was  only  weakly  acid,  or  alkaline,  the  colored  solution  moved 
toward  the  anode. 
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The  existence  of  "copper-,  cobalt-,  and  nickel-phosphites" 
(e.  g-.,  Na.CuP03)  is  deduced  from  the  movement  of  the  heavy 
metal  toward  the  anode. 

The  movement  toward  the  anode  of  the  green  solution  of 
chromic  hydroxide  in  strong  alkali  demonstrates  the  existence 
of  chromites ;  the  chromic  hydroxide  is  not  merely  dissolved  as 
colloid,  for  it  can  diffuse  through  parchment  into  alkaline  solu- 
tion. Similarly  the  zinc  in  potassium  zincate  becomes  more 
concentrated  at  the  anode. 

1903.  S.  C.  Lind. 

The  Constitution  of  Potassium  Ruthenium  Nitroso-chloride  in  Aqueous 
Solution.    Jour.  Am.  Chem.  Soc.,  23,  928. 

A  0.025  m  solution  was  connected  by  siphons  containing 
0.05  m  potassium  chloride  solution  solidified  by  agar  agar  with 
anode  and  cathode  compartments  containing  Pt  electrodes  sur- 
rounded by  hydrochloric  acid  and  potassium  hydrate  respec- 
tively. A  pink  color  moved  toward  the  anode  while  no  color 
change  occurred  in  the  cathode  siphon.  This  shows  that  ru- 
thenium is  contained  in  an  anion,  presumably  RuCl5NO"  ;  the 
author  further  concluded  that  it  proved  that  no  cation  contains 
ruthenium. 

1903.  J.  W.  McBain. 

Electrolytic  Migration  in  Solutions  of  the  Weak  Acids/  This  paper  has  not 
been  published  in  full ;  abstracts  have  appeared  in  Trans.  Roy.  Soc.  Canada, 
May,  1903,  and  1904,  and  in  Trans.  Am.  Electrochem.  Soc,  4, 184.   (1903). 

Apparatus :  many  forms,  mostly  pairs  of  U  tubes ;  capacity 
40-350  c.c. ;  Pt.  electrodes ;  o.04g  Ag ;  diaphragms  of  cloth  or 
bundles  of  small  tubes ;  2-5  middle  portions,  the  real  one  un- 
changed within  0.00  to  0.05  c.c.  of  decinormal  alkali. 

The  author  eliminated  the  irregular  and  Uncontrollable  reac-  * 
tions  occurring  at  the  electrodes  during  the  electrolysis  of  acetic 
and  propionic  acids,  which  would  otherwise  have  discredited 
the  results,  by  surrounding  the  electrodes  with  long  columns  of 
solutions  of  sodium  sulphate,  sulphuric  acid,  hydrochloric  acid, 
etc.  This  made  the  apparatus  complicated  and  the  manipula- 
tion difficult.  The  electrode  solutions  were  carefully  tested  for 
in  the  middle  portions,  but  were  usually  altogether  absent,  and 
in  no  case  present  in  quantity  sufficient  to  cause  an  error  of  20 
percent  in  the  result.     An  experiment  with  hydrochloric  acid, 


H.C,HtO, 

0.02- i.om 

3o° 

I7ex 

H.C,H60, 

o.im 

3o° 

1 

HC1 

0.018m 

30° 

1 
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using  the  same  apparatus  and  protecting  solutions  gave  a  normal 

result. 

"         ~  "  ac.31- 

ac.34- 
ac.19- 

1903.  P.  Straneo. 

Zeit.  phy6.  Chem.,  44,  640,  from  Rendic.  Accad.  Lincei,  1902,  /,  58,  171. 

The  author  measured  the  E.M.F.  between  two  electrodes 
placed  in  a  solution  of  zinc  sulphate  just  after  a  momentary 
current  had  been  passed  through  ;  the  migration  value  calculated 
from  the  concentration  changes  thus  indicated  agreed  with  that 
obtained  by  the  usual  analytical  method. 

1903.  F.  Vogel. 

Untersuchungen  iiber  Nitrite.     Zeit.  anorg.  Chem.,  35,  410. 

Apparatus  like  Jahn's ;  capacity  of  anode  compartment  187 
c.c. ;  Cd  anode  ;  middle  portion  unchanged.  The  barium  was 
determined  as  BaS04.  The  results  are  calculated  incorrectly 
(based  on  constant  weight  of  solution  instead  of  constant  amount 
of  water). 

Ba(NOt),        0.025-0.032111        o.3-o.6g  Ag        2ex        a.588  dt  6 

1904.  F.  Aletter. 

Die  Jonenkonzentrationen  ternarer  Elektrolyte.  Dissert.  Rostock,  results 
quoted  by  Kiimmel,  Zeit.  f.  Elektrochem.,  //,  98,  1905. 

Pt  electrodes ;  no  middle  portion ;  capacity  of  cathode  com- 
partment 100  c.c. ;  method  of  calculation  incorrect  (based  on 
constant  volume  of  solution  instead  of  on  constant  amount  of 
solvent).  Further  I  think  the  number  given  below  as  the  migra- 
tion of  the  CaO/'  ion  is  really  that  of  the  cation  K\  In  the  case 
of  lithium  sulphate  Aletter's  calculation  contains,  in  addition  to 
the  two  systematic  errors  I  have  already  mentioned,  the  further 
assumption  that  SO/'  is  monovalent.  In  the  last  column  I  have 
eliminated  all  but  the  first  error. 


Aletter. 

McBain. 

K,C,04 

1.0  m 

160 

0.2  g  Ag 

c.24- 

.76- 

0.5 

160 

0.17 

c.262 

.738 

Li,S04 

1.0  m 

160 

o.27g  Ag 

a.652 

.696 

0.5 

160 

028 

a.63- 

•74- 

0.25 

160 

0.17 

a.6o- 

.80- 

1904.  J.  S.  .Bridget. 

The  Transference  Numbers  of  Copper  Chloride  in  Concentrated  Solution. 
Thesis  presented  for  degree  of  B.Sc.     Mass.  Inst,  of  Tech.,  Boston. 

Inaccessible  in  Heidelberg. 
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1904.  C.  H.  Burgess  and  D.  L.  Chapman. 

The  Nature  of  a  Solution  of  Iodine  in  Aqueous  Potassium  Iodide.  Jour. 
Chem.  Soc,  8j,  1305. 

The  authors  deduce  from  the  results  of  the  comprehensive 
study  of  solutions  of  iodine  in  potassium  iodide  by  previous  inves- 
tigators that  KI  and  KI3  are  equally  "  strong  "  (*'.  e.9  the  dissocia- 
tion constants  are  equal).  Proceeding  from  this,  and  making 
use  of  the  equilibrium  constant  for  I2  +  I'  =  Is',  they  show  that 
the  relative  rates  of  the  1/  and  I'  ions  may  be  deduced  from  the 
migration  value  (that  of  KI  being  known)  and  independently  by 
the  measurement  of  the  conductivity  of  potassium  iodide  solu- 
tions with  and  without  the  addition  of  iodine. 

Apparatus  :  too  complex  for  description  without  a  figure ;  Pt 
electrodes;  no  middle  portion;  no  diaphragms;  25 °C. ;  the 
results  are  based  (inaccurately)  on  constant  volume  of  solution 
instead  of  constant  weight  of  water.  The  KI  was  from  0.025  m 
to  0.5  m,  the  added  I,  0.0075-0.06  m. 

The  transport  method  gave  as  ratio  of  the  mobilities  of  the  I9 
and  the  I  ions  0.556;  the  conductivity  method  0.553. 

1904.  C.  Dempwolff. 

Jonenwanderung  in  Methylalkohol  als  Losungsmittel.  Zeit.  f.  Elektrochem., 
//,  124  (from  Phjr6ik.  Zeit.,  j,  637). 

Apparatus  shaped  like  an  N  with  branch  at  right  hand  upper 
corner;  no  diaphragms;  Ag,  Cd,  and  Pt  electrodes;  190. 


KI 


AgNO, 


ac.49- 

ac.44- 

ac.37- 
ac.33- 
ac.32- 
ac.58- 
ac.56- 
ac.56- 
ac.56- 


LtBr 


KC1 


0.719m 
0.234 
0.087 
0.046 

0.039m 

0.021 

0.017 


ac.69- 
ac.65- 
ac.56- 

ac.55- 

c.47- 
c.44- 
c.44- 


Nal      0.0803m      ac.55- 


LiCi 


KBr 


0.840m 
0.182 
0.096 
0.083 
0.049 
0.092m 
0.052 
0.034 


c.67- 

C59- 

C54- 

C53- 
c.52- 

ac.45- 
ac.43- 
ac.42- 


0.336m 
0.167 
0.080 
0.049 
0.019 
0.096m 
0.049 
0.033 
0.024 
NaCHtO  (Sodium  methylate) 
0.079m  ac.67- 

0.037  ac.58- 

0.026  ac.56- 

1904.  E.  C.  Franklin  and  H.  P.  Cady. 

On  the  Velocities  of  the  Ions  in  Liquid  Ammonia  Solutions.     Jour.  Am. 
Chem.  Soc.,  26 %  499. 

As  the  Journ.  Am.  Chem.  Soc.  is  inaccessible  in  Heidelberg, 
I  have  abstracted  this  paper  from  Danneel's  reviews  (Beiblatter, 
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28,  971,  and  Zeit.  f.  Elektrochem.,. //,  109).  Apparently  two 
methods  were  used,  both  being  meniscus-velocity  methods. 
The  simultaneous  measurement  of  the  velocities  of  the  anion 
and  cation  succeeded  only  in  the  case  of  NH4NOs.  The  other 
measurements  were  made  in  a  complex  "  sehr  sinnig  ausge- 
dachtem  "  apparatus,  and  the  migration  values  were  deduced 
with  the  help  of  conductivity  measurements.  The  indicators 
used  were  Hg-,  Pb-,  Cu-  and  Bi-salts  at  the  anode,  and  picric 
acid  at  the  cathode.  The  concentrations  lay  mostly  between 
0.5  and  0.01  m  ;  temperature  —  34°C.  In  NH4C1  and  NH4Br 
the  migration  value  increases  rapidly  with  the  concentration. 

NH4NO,      .570      KNO,      .501      NaNO,      -574     NaCl    .581      AgNO,     .614 

1904.  H.  C  Jones  and  H.  P.  Bastett. 

Determination  of  the  Relative  Velocities  of  the  Ions  of  Silver  Nitrate  in 
Mixtures  of  the  Alcohols  and  Water,  and  on  the  Conductivity  of  such  mixtures. 
Am.  Chem.  Jour.,  32,  409. 

Apparatus :  an  M-tube  with  a  glass  tap  in  the  middle  divid- 
ing the  whole  into  a  cathode  and  an  anode  portion ;  capacity 
130  c.c. ;  Ag  electrodes ;  no  diphragms ;  no  middle  portion ; 
the  results  are  incorrectly  calculated  (based  on  volume  of  solu- 
tion,  not  amount  of  solvent).  In  the  last  column  below  is  given 
the  solvent ;  the  authors  do  not  mention  whether  the  mixtures 
were  made  by  weight  or  by  volume. 


AgNO, 

0.1  m 

25° 

o-35g  Ag 

5ex 

ac.529±   8 

water 

0.102 

o° 

0.12 

3 

ac.563  ±    0 

it 

0.08-0.1 

25° 

0.08 

6 

ac.598  ±11 

ethyl  alcohol 

O.IO 

25° 

0.15 

5 

ac.58o=b   8 

methyl 

alcohol 

0.97 

o° 

0.06 

5 

ac.587±   6 

i« 

it 

O.I 

25° 

0.12 

3 

ac.554±   3 

25%  methyl  alcohol, 

,  75%  water 

0.104 

o° 

0.08 

8 

ac.538  ±:  IO 

25" 

t«            tt 

75 "      " 

0.104 

25° 

O.II 

3 

ac.601  d=   5 

50" 

it                     (C 

50 "       " 

0.105 

o° 

0.6 

3 

ac.530zb    1 

50  " 

tt                   tc 

50 "       " 

0.105 

25° 

0.08 

5 

ac.590±   3 

75" 

«f                   if 

25 "       " 

0.098 

o° 

0.06 

6 

ac.567±    2 

75  " 

tt                   tt 

25"       " 

1904.  V.  Kohlschfitter. 

Ueber  komplexe  Kupferverbindungen.     Ber.,  S7i  I»  H53« 

Apparatus:  four  U-tubes  connected  by  siphons;  capacity  12 
c.c. ;  no  middle  portions.  On  account  of  the  extraordinary 
influence  of  the  concentration  on  the  migration  value  I  have 
given  in  the  second  column  below  directly  the  weight  of  CuCl2 
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in  1000  g.  H20.  In  qualitative  experiments  it  was  found  that 
the  yellow  color  of  a  concentrated  solution  of  cupric  chloride 
in  hydrochloric  acid  moved  toward  the  anode  into  a  concen- 
trated solution  of  hydrochloric  acid  or  magnesium  calcium  or 
lithium  chloride,  proving  the  presence  of  complex  anions. 
When  concentrated  cupric  chloride  solution  was  electrolysed 
between  layers  of  ammonium  or  sodium  sulphate  or  acetate,  the 
boundary  on  the  anode  side  remained  stationary,  while  a  blue 
color  moved  towards  the  cathode.  The  method  of  calculation 
is  correct.  I  think  that  the  probable  explanation  of  the  extra- 
ordinary influence  of  the  concentration  on  the  migration  value 
is  to  be  sought  for  in  the  excessive  hydration  of  the  cation. 
Surely  the  fourth  experiment  must  be  a  mistake. 

CuCl, 


71i-3g  =  5-29  mols 

o.67g  Ag          : 

[ex        c     1.835 

584-4g  =  4-35     " 

o.37                   i 

[            c     1 .632 

500.9g  =  3-72     " 

o.37                    3 

[            c     1.411 

445-4g  =  3-3       " 

o.53                   3 

[            c— 0.795 

357-5g  =  2.66     " 

— 

1. 35° 

0.39                   1 

[            c      .817 

357-5g  =  2.66     " 

• 

17-95° 

o.47                   3 

:           c    1.042 

1904.  T.  W.  Richards  and  F.  Bonnet. 

Das  veranderliche  hydrolytische  Gleichgewicht  von  geldstem  Chromsulphat. 
Zeit.  phys.  Chem.,  47,  46.     Proc.  Am.  Acad.  Arts  and  Sci.,  June,  1903. 

Apparatus  :  four  glasses  superposed  upon  a  U-tube  ;  Cd  elec- 
trodes ;  parchment  diaphragms. 

A  solution  of  green  chromium  sulphate  saturated  with  chro- 
mic hydroxide  was  placed  in  the  middle  vessel  while  the  four 
other  vessels  were  filled  with  a  solution  of  cadmium  sulphate. 
No  chromium  was  moved  towards  the  anode ;  n  =  .26  —  if  the 
cation  containing  chromium  is  divalent,  n  =  .63  —  if  monovalent. 
The  possibility  of  the  presence  of  a  colloid  is  not  discussed. 

1904.  0.  F.  Tower. 

Transport  number  of  Sulphuric  Acid.  Jour.  Am.  Chem.  Soc,  26y  1038. 
Jour,  de  chim.  physique,  J,  1.     [Abs.  W.L.M.] 

Apparatus:  two  U-tubes  with  side  apertures  connected  by 
rubber  tubing,  40  cm.  long  and  3  cm.  diameter;  in  a  smaller 
apparatus  (S.A.)  the  diameter  was  2  cm.  Anode,  Cd ;  cathode, 
Pt  spiral.  Average  current  0.07  amp,  in  a  few  cases  twice  as 
much.  Duration  of  electrolysis,  2-3  hours.  After  electrolysis 
the  solution  was  analyzed  in  5  portions ;  in  every  case  the  com- 
position of  the  middle  portion  remained  constant  within  the  error 

Proc  Wash.  Acad.  Sci,  July,  1907. 
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of  analysis,  1.  e.9  o.ooopg  of  H2S04  for  normal  and  half  normal 
acid,  and  0.0005 g  for  more  dilute  solutions. 

HaS04 


Drmal 

20° 

o.74g  Ag 

3«* 

ac.i88dr6(S.A.) 

it 

20 

0.6-1.4 

6 

ac.i88±9 

0.511 

20 

0.7-1.3 

6 

ac.i87zfc6 

0.2 

20 

0.8 

6 

ac.i8od=7(S.A.) 

O.I 

8 

0.7 

6 

ac.i64d=  4 

O.I 

20 

0.7 

6 

ac.i74db6  (S.A.) 

O.I 

20 

0.7 

6 

ac.i76±:  I 

O.I 

32 

0.6 

6 

ad92d=l 

0.05 

8 

0.4 

6 

ac.i64±2 

0.05 

20 

o-3 

4 

ac.i76±4  (S.A.) 

0.05 

20 

0.3-0.6 

6 

ac.i79d=3 

0.05 

32 

0.5 

6 

ac.192  +  2 

0.02 

8 

0.2 

6 

ac.i68±2 

0.02 

20 

0.25 

6 

ac.181  ±3 

0.02 

32 

0.25 

6 

ac.191  ±3 

The  author  considers  the  following  to  be  the  most  trustworthy 
results ;  but  thinks  that  .1764  for  n/10  acid  at  200  is  "for  some 
unaccountable  reason  "  too  low. 


Concentration. 

Temp.  8° 

20° 

3«° 

Normal 

— 

.1877 



0.511 

— 

.I869 



0.2 

— 

.l805 



O.I 

.1644 

.I764 

.1917 

0.05 

•1637 

.1791 

.I9l6 

0.02 

.1681 

.I8O9 

.1912 

The  author  summarized  his  results  with  dilute  solutions  in  the 

formula : 

nt= 0.1 788  +  0.001 1  (/ — 20) 

1905.  R.  Luther  and  B.  Krsnjavi. 

Ueber  komplexe  Verbindungen  der  Kohlensaure  mit  Schwermetallen.    Zeit. 
anorg.  Chem.,  46,  170. 

Solutions  of  cupric  (sulphate),  ferric,  or  uranyl  salts  in  excess 
of  alkali  bicarbonate  solution  were  placed  in  the  bottom  of  a 
U-tube,  both  branches  of  which  were  filled  with  potassium 
bicarbonate  solution ;  on  passing  through  an  electric  current 
the  colored  zone  moved  toward  the  anode  (slowly,  at  least  in 
the  case  of  the  cupric  compound).  Taken  in  conjunction  with 
the  observation  that  these  bodies  diffuse  through  parchment, 
this  shows  the  presence  of  the  metals  in  the  complex  anions. 
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1905.  C.  Tubandt. 

Ueber  die  alkalischen  Kobaltoxydulldsungen.    Zeit.  anorg.  Chem.,  43,  368. 

The  blue  solution  obtained  by  dissolving  cobaltous  hydroxide 
in  concentrated  potash  or  by  the  electrolysis  of  strong  potash 
with  a  cobalt  anode  contains  the  cobalt  (or  hydroxide)  only  as 
colloid,  for  it  does  not  dialyse  through  parchment  into  concen- 
trated potash;  when  a  current  of  0.1  ampere  was  passed 
through  the  solution  placed  in  the  lower  half  of  a  U-tube  both 
arms  being  filled  with  potash  solution  the  blue  layer  did  not 
move  perceptibly  in  several  hours ;  in  36  hours  all  the  cobalt 
was  precipitated,  mostly  as  metal  on  the  cathode,  some  as  oxide 
in  the  anode  compartment,  none  on  the  anode.  Addition  of 
glycerine  has  no  influence  on  any  of  these  phenomena. 

1906.  H.  Jahn'e  Pupils. 

For  the  following  series  I  am  indebted  to  the  courtesy  of 
Professor  Jahn,  who  voluntarily  sent  me  his  own  copies  of  the 
dissertations,  as  they  are  out  of  print.  He  expects  to  publish 
them  together  in  the  Zeit.  phys.  Chem.  in  the  course  of  the 
present  winter. 

Apparatus  and  method  the  same  as  in  the  1901  series; 
capacity  of  anode  compartment  300-800  c.c. ;  anode  Cd  or  Zn, 
cathode  Hg  covered  with  a  concentrated  solution  of  CdS04  or 
sometimes  ZnCl2. 

E.  Berliner. 
Dissert.,  1902. 

Ag  anode,  cathode  Hg  covered  with  Cu(NOj)r 
The*  paper  further   contains  measurements  of  the  transport 
in  mixtures  of  AgNOa  and  KNOa  showing  that  the  mobility  of 
the  Ag  ion  is  not  appreciably  affected  by  the  presence  of  the 
potassium  nitrate. 


AgNO, 

0.498m 

180 

o.8g  Ag 

0.00-0.09  % 

3ex 

a.516  db  5 

0.249 

180 

05 

0.02-0.1 

3 

a-5i9±5 

0.124 

180 

0.5 

0.00-0. 1 

3 

a.526  d=  I 

0.068-0.0166 

180 

0.4 

0.02-0.5 

7 

a.528  d=  3 

0.01 1 1-0.0047 

180 

0.1-0.4 

0.00-0. 1 

7 

a.53i  ±  5 

0.5-0.007 

300 

0.3-0.7 

0.01-0.2 

27 

a.519  ±  7 

A.  Eisenstein. 

Dissert.,  1902,  quoted  by  Roth,  Zeit.  phys.  Chem.,  42,  210.     1903. 

The  middle  layer  of  solution  never  showed  the  least  trace  of 
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zinc  —  from  anode  or  cathode;  ihe  change  in  composition  is 
therefore  ascribed  to  evaporation  of  the  ethyl  alcohol. 


NaCl 

0.034m  1 8° 

0.017-0.009  18 

0.033  18 

0.01 7-0.01 1  18 

0.0084  18 

0.033-0.01 1  18 

0.033-0.01 1  18 

0.033  18 

0.017  18 

0.011  18 

S.  Goldlust. 

Dissert.,  1902. 


°-3gAg   0.07-0.15 
0.2-0.3     0.05-0.3 


3ex    a.599  =b  2 


0.6 

0.25 

0.23 

0.2-0.5 

0.2-0.7 

0.3 
0.23 

0.2 


K,S04 


Ua,S04 


CdS04 


0.0333m 

0.0167 

0.0089-0.004 

0.0332m 

0.0167 

0.008-0.004 

0.0333m 

0.0167 

0.0084-0.0042 


A.  Hertz. 

Dissert.,  1904. 

KC1       0.2-0.05111 
0.2-0.03 
0.02-0.007 
0.2-0.03 
0.017 

0.01 1-0.0086 
0.0067 

NH4C1  0.034m 
0.017 
0.0 1 1-0.0084 

M.  Huybrechta. 
Dissert.,  1902. 

MgS04  0.0339m 
0.0172 
0.0085 

0.006-0.0034 
0.0339 
0.0168 


1 8° 

3o° 
3o° 


0.3  -0.4 
0.1  -0.4 
0.1  -0.3 
0.0  -0.3 
0.1  -0.4 
0.1  -0.15 
0.1  -0.3 

0.3  -0.4 


9 

3 

7 

3 

9 
11 

2 

4 

3 


a-594  ±  3 

a.592  rb  O  20 

a.588  zb  2  20 

a.586  zb  I  20 

3.584^3  25 

a.57»±5  30 

a.578  zb  2  40 

a-575±3  4o 

a-573  =b  1  4o 


10  vol.  %  alcohol 
10 


180 

18 

18 

180 

18 

18 

180 

18 

18 


o.6g  Ag 

0.4 

o.i3-o-35 


0.02-0.04  % 

0.01-0.05 

0.03-0.15 


o.3-o.6g  Ag  0.01-0.12  Jo 

0.4  0.13-0. 16 

0.3  0.01-0.2 

o.3-o.4g  Ag  0.01-0.04  % 


0.4 
0.23-0.37 


0.09 

O.C2-O.I2 


0.4  -o-7g  Ag 
0.14-0.8 

O.I 

0.14-0.6 

0.15 

0.1 

O.I 

o.i3g  Ag 

0.12 

0.12 


0.2  -0.03  % 
0.05 

O.I    -O.OI 

O.I  -0.00 

0.03 

0.07-O.OI 

O.I   -O.OI 

0.04-O.OI 
0.04-0.00 
O.I  -0.00 


180 
180 
1 8° 
1 8° 
3o° 
3o° 


0.0083-0.006    30* 


o-3  -o-5g  Ag 

03 
0.26 

0.22 

0.3  -0.8 

0.4 

03 


0.01-0.02  % 
0.00-0.04 

O.OI-O.IO 

0.03-0.09 
O.OI-0.03 

O.OI 

0.00-0.05 


3« 

4 

9 

4ex 

3 
9 

3ex 
3 


9ex 
12 
12 
12 

3 
6 


3ex 
3 


3ex 

3 

3 

9 

3 

3 
6 


a.5I2  ±L  I 

a.5IO  zb  2 

a.516  zb  2 

a.62I  zb  2 
a.613  zb  I 
a.609  zb  2 

a.631  rb  2 
a.6l9=b  2 
a.613  zb  I 


a. 506  zb  4 
a.502  zb  3 
a.501  zb  1 
a.509  zb  2 
a.507  zb  2 
a.506  zb  2 
a.505  zb  O 

a.513  zb  I 
a.511  zb2 
a.510  zb  I 


a.631  zb  I 
a.624  zb  2 
a.619  zb  I 
a.614  zb  2 
a.624  —  2 
a.616  zb  2 
a.613  zb  I 
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H,S04  0.124m 

1 8° 

> 

i-igAg 

0.02-0.05 

3« 

a.i68±3 

0.062-0.0055 

180 

> 

0.3  -0.9 

0.00-0.06 

14 

a.i76±4 

0.0052 

18° 

> 

0.17 

0.00-0.02 

3 

a.173  ±:  1 

0.00465 

1 8° 

• 

0.12 

0.00-0.06 

3 

a-i57±3 

0.00499 

180 

> 

0.12 

0.00-0. 10 

3 

a-i55±4 

0.0309 

300 

1 

0.4  -0.6 

0.01-0.05 

3 

a.i95d=4 

0.0176 

3o° 

• 

0.4  -0.5 

O.OI-0.03 

3 

a.i88dzi 

0.0085 

3O0 

1 

0.3  -0.5 

0.00-0.07 

3 

a.i86d=2 

0.00600 

3O0 

> 

0.25 

0.02-0.04 

3 

8.184  +  0 

0.00484 

3o° 

1 

0.12 

0.04-0.09 

3 

a.  170  +  2 

0.00464 

3o0 

1 

0.13 

O.I2 

1 

a. 161 

0.00404 

3O0 

0.17 

0.02-0.05 

3 

a.  162^=  3 

Joachim. 

Dissert.,  as  yet  un 

published. 

HC1 

0.0321m 

180           a.  165 

0.0166 

180           a.167 

0.0112 

180            a.166 

0.0083 

180            a.167 

0.0066 

180            a.i68 

H.  Schultz. 

Dissert.,  1904. 

I  think  that  the  author  would  have  been  justified 

I  in  calculating 

his  results  to  the  fourth  decimal  place. 

NaCl        0.118m 

o° 

o-3-o-5g  Ag 

0.00-0.07% 

3« 

a.615  rb  1 

0.073 

o° 

o-3 

0.00-0.04 

3 

a.614  zk  I 

0.034-0.012 

o° 

0.13-0.2 

0.00-0.04 

9 

a.613  zk  I 

0.0085-0.0067 

o° 

O.I 

0.01-0.03 

6 

a.6l2  rb  O 

0.1 1 8-0.072 

180 

0.3-0.5 

0.00-0.03 

6 

a.605  rb  I 

0.119-0.031 

300 

0.1-0.45 

0.00-0.03 

9 

a.597  ±  I 

0.0 1 6-0.0 10 

300 

0.11-0.19 

0.00-0.02 

6 

a.596  ±  I 

0.0086-0.0067 

3o° 

O.II 

0.00-0.03 

6 

a.595  =b  O 

NH4C1     0.034m 

180 

o.24g  Ag 

0.01-0.06 

3« 

a.5IO:t0.5 

0.017 

180 

0.22 

0.00-0.01 

3 

a.509  ±  0.5 

0.012 

180 

0.16 

0.00-0.02 

3 

a.508  d=  0.5 

0.0083 

1 8° 

0.15 

0.02-0.06 

3 

a.507  rb  0.5 

°.°34 

300 

0.2-0.3 

0.00-0.05 

3 

a.506  d=  0.5 

0.017 

3o° 

0.14-0.2 

0.00-0.02 

3 

a.505  ±  O.o 

0.012 

300 

0.13 

0.00-0.04 

3 

^505+ 0.5 

0.0083 

300 

0.1-0.14 

O.OO-O.OI 

3 

a.504  zk  O.O 

E.  Wolff. 

Dissert.,  1903. 

HC1         0.1202m 

o° 

0.6-1. 2g  Ag 

0.01-0.14% 

3cx 

a.167  zk  2 

0.0640 

o° 

0.5-0.7 

0.02 

3 

a.l6l  db  2 

0.0318 

o° 

0.4-0.6 

0.02 

3 

a.i6od=  1 

0.0160 

o° 

0.2 

0.02-0.04 

3 

a.i55i:l 

0.0106-0.0064 

o° 

0.2 

O.OI-0.2 

9 

a.154  ±  3 

0.12-0.006 

300 

0.2-1.0 

0.00-0.2 

21 

a.i83±4 

7o 
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BaCl, 

0.0165m 

o° 

0.22g  Ag 

O.O2-O.18 

3ex 

a.573  ±  2 

0.0084 

o° 

O.16 

O.O3-O.O5 

3 

a.566  db  1 

0.0056-0.0034 

o° 

O.08-O.I5 

0.00-0.2 

9 

a.562  =h  2 

0.016-0.008 

300 

O.24-O.4 

0.02-0.12 

6 

a.557  ±  2 

0.005-0.003 

300 

0.2 

0.00-0.2 

9 

a.555  ±  2 

INDEX  OF  CHEMICALS. 

In  the  following  alphabetical  list,  each  substance  is  given 
under  the  symbol  of  its  cation  or  metal  and  is  followed  by  the 
names  of  the  experimenters  who  have  worked  with  it,  together 
with  the  dates  of  the  papers ;  this  facilitates  reference  to  the 
chronological  compilation  of  the  data.  In  addition,  anions  are 
given ;  these  are  followed  by  a  list  of  the  cations  of  the  com- 
binations which  have  been  experimented  with.  Thus  after 
"  S04"  are  found  the  metals  whose  sulphates  have  been  studied, 
and  to  which  the  reader  is  referred  for  the  names  of  the  experi- 
menters. The  papers  in  brackets  are  those  in  which  the 
chemicals  used  were  merely  incidental,  or  in  which  the  experi- 
ments were  only  qualitative. 


AgBr-f  Hg(NO,),  (Morse,  1902) 
AgC2H,Os  Hittorf,  1853  ;  Loeb  and 
Nernst,  1888  ;  Mather,  1897  ;  Bein, 
1898 ;  Hoffmeister,  1898 
Ag(  CaH6)  S04  Loeb  and  Nernst,  1888 
Ag(C6H6)SO,  Loeb  and  Nernst,  1888 
Ag(  C9HH )  SO,  Loeb  and  Nernst,  1888 
Ag(CI0H7)SO8  Loeb  and  Nernst,  1888 
AgCN.KCN      Hittorf,    1859      (Noyes 

and  Blanchard,  1901) 
AgCl+Hg(NO,),     (Morse,  1902) 
AgCiO,    Loeb  and  Nernst,  1888 ;  Car- 
rara, 1903 
AgCIO,    Loeb  and  Nernst,  1888 
Ag8Cr(C,04)8      Kistiakowsky,     1890, 

1 90 1 
Agl-fKI    Rieger,  1901 
AgI+Hg(NOs),     (Morse,  1902) 
Ag3l(NO,),     (Hellwig,  1900) 
AgNO,     Hittorf,    1853;   Wiedemann, 
1856;   (Lodge,  1886);   Nernst    and 
Loeb,    1888 ;     Kistiakowski,    1890 ; 
(Chassy,i89o);  Bein,  1892;  Campetti, 
1894;    (Whetham,    1895);    Mather, 
1897;  Bein,  1898;  Hoffmeister,  1898; 
Berliner,  1901;  Steele,  1902;  Schlundt, 


1902;  Carrara,  1903;  Jones  and  Bas- 
sett,  1904;  Dempwolff,  1904;  Frank- 
lin and  Cady,  1904 ;  Berliner,  1906 

Ag»S,Oe    Loeb  and  Nernst,  1888 

AgtS04     Hittorf,  1853 ;  (Chassy,  1890) 

Ag,SiFlt    Loeb  and  Nernst,  1888 

A1C1,     Hittorf,  1859 

AljCVKjO^CjOj^iH^O  Rosenheim, 
1896 

AljOj^KjO^CjOa-sHjO  Rosenheim, 
1896 

Al,(SOi),.K1S04.24HaO  (Daniell  and 
Miller,  1844) 

A1,(S04),     (Daniell  and  Miller,  1844) 

AsO,...K 

As04...K 

A11CI3.KCI     Hittorf,  1859 

AuCljO.H,  Hittorf  and  Salkowski, 
1899     (Pouillet,  1845) 

BaCl,  Weiske,  1857;  Hittorf,  1859; 
(Lodge,  1886);  (Chassy,  1890);  Bein, 
1892;  (Whetham,  1895);  DesCoudres, 
1896;  llopfgartner,  1898;  Bein,  1898; 
Noyes,  1901 ;  Bukschnewski,  1901; 
Steele,  1902;  Hittorf,  1902;  Wolff, 
1906 
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Ba(NO,)a    Vogel,  1903 
.   Ba(N08),    Daniell  and  Miller,  1844; 
(Chassy,  1890);  Noyes,  1 901;  Hittorf, 

1859 
Ba(OH,)     Daniell,  1840 

BrOs...K 

Br...Na-Cd-H-K-Zn-AgHg-Li 

CH8ONa    Dempwolff,  1904 

C,H,02. . .  H-Ag-Cd-Cu-Fe-Li-Na-K- 

UO,-Zn 
C,H6.S04...Ag-K 
C,H&0,     (  propionate  J...H-UO, 
C4H404  ( succinate )...H 
C4H4Oe       (tartrate).  ..KNa-fFehling's 

solution  )-U0, 
CjH5.OH.NO,       (ortho-nitro-phenol) 

(Riesenfeld,  1901) 
C,H6.SOs...Ag 
CfHn.S08...Ag 
C10H7.SO8...Ag 
CnHlfNOs.HCl  (morphine)     Hittorf, 

1859 
CMHMN,OrHCl  (strychnine)    Hittorf, 

1859 
CN...Ag.K-Cd-Hg-K-Zn-K.Cd-KFe- 

HFe-KHg-KZn 

CNS...K-Fe 

C104...H-Ag-Cr.Ag8-K.Fe-K-NH4 

CjOj.KjO.WO.-HjO    Rosenheim,  1896 

4C,08.K1O.AliO,.7iH,0  Rosenheim, 
1896 

2C,08.2M08.3H10.  ( NH4  )fO  Rosen- 
heim, 1896 

2C,08.(NH4),0.2M08.3H,0  Rosen- 
heim, 1896 

4C,Or3(  NH4)aO.  VjOj^H,©  Rosen- 
heim, 1896 

6C108.5H,0.3KaO.Al,08  Rosenheim, 
1896 

6C,08.3K,O.Crt08.6H,0  Rosenheim, 
1896 

C808.M08.3H,0    Rosenheim,  1896 

COs. .  .K-Li-Na-Cu-Fe-UO, 

CaCl,  Weiske,  1857;  Hittorf,  1859; 
(Chassy,  1890);  (Whetham,  1892); 
Bein,  1892;  (Whetham,  1895) ;  Bein, 
1898;  Bein,  1899;  Steele  and  Deni- 
son,  1902;  Steele,  1902;  Hittorf, 
1902  ;  Denison,  1903 

Cal,     Hittorf,  1859 


Ca(NOs),  Hittorf,  1859;  (Whetham, 
1892)  ;  Steele  and  Denison,  1902 

Ca(OH),    Bein,  1898 

CaS04  Daniell  and  Miller,  1844;  Steele 
and  Denison,  1902 

CdBr,  Gordon,  1897 ;  KUmmell,  1898 ; 
Goldhaber,  1901 ;  Bukschnewski, 
1 901 

CdCCjHjO,),    Carrara,  1903 

Cd(C10t),    Carrara,  1903 

CdCl,  Hittorf,  1859 ;  Bein,  1892 ;  Des 
Coudres,  1896;  Bein,  1898;  KUm- 
mell, 1898;  Bein,  1899;  Goldhaber, 
1901 ;  Bukschnewski,  1 901 ;  Hittorf, 
1902;  Carrara,  1903 

Cd(CN),  +  KCN    Rieger,  1901 

Cdl,  Hittorf,  1859 »  Lenz,  1882 ;  Bein, 
1892;  Gordon,  1897;  KUmmell, 
1898;  Redlich,  1901 ;  Bukschnew- 
ski,  1 901 ;   Hittorf,    1902  ;   Carrara, 

1903 
Cdl,  +  KI     Hittorf,  1859 

Cd(NOs),    Carrara,  1903 

CdS04  Weber,  1889 ;  (Chassy,  1890) ; 
Gordon,  1S97;  KUmmell,  1898; 
Steele,  1901 ;  Redlich,  1901 ;  Gold- 
lust,  1906 

CI  Ag.Hg-Al-Au-Ba-C1TH19N08.H- 
C„HwN,08 .  H-Ca-Cd-Co-Co .  Ca- 
Co .  Ca .  Zn-Co .  H-Co .  Hg-Co .  Mg- 
Co.NH8-Cs-Cu-CuH-Fe-Fe.  H-H- 
H.Pt-K-K.Au-K.Cd-K.Hg-Li-Mg- 
Mn-Na-Na.Pt-NH4-Pt-Rb-RuKf 
NO-Sn-Sr-Tl-UO,-Zn 

C108...Ag-Cd-Cu-K-Li 

Cl04...Ag-K 

Co    (purpureocobaltchloride,    praseo 
bisulphate,   diamine-cobalt-potas- 
sium    nitrite,  chlor-purpureo-cobalt 
nitrate)     (Kremann,  1903) 

CoCl2  +  HCl  (Donnan  and  Bassett, 
1902) 

CoClj  +  MgCl,  (Donnan  and  Bassett, 
1902) 

CoCl,  +  CaCl,  (Donnan  and  Bassett, 
1902) 

CoCl,  +  CaCl, +  ZnCl,  (Donnan  and 
Bassett,  1902) 

CoCl,  -f  HgCl,  (Donnan  and  Bassett, 
1902) 
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Co(CN)6...K 

Co(OH)f4-KOH     (Tubandt,  1905) 

CoPOs...Na 

CoCl,  Pouillet,  1845;  (Whetham, 
1892);  Bein,  1898;  (Donnan  and 
Bassett,  1902) 

Co(NO,)a  (Chassy,  1890);  (Whet- 
ham, 1892) 

CrAg,(C,04),  Kistiakowsky,  1890, 
1 90 1 

Cr,Os.3K,0.6C,Os.6H,0  Rosenheim, 
1896 

CrO,...K 

Cr04...K-Cu-H 

Cr,07..K-H 

Cr,(S04)s    Bonnet  and  Richards,  1904 

CsCl    Bein,  1898 

Cu(C1H801)2    Carrara,  1903 

CuCl,  (Chassy,  1890);  (Whetham, 
1892)  ;  (Lussana,  1894) ;  Bein,  1898; 
(Masson,  1898) ;  (Noyes  and  Blan- 
chard,  1901);  Carrara,  1903;  Bridges, 
1904;  Kohlschiitter,  1904 

CuCl, +  HC1  (Donnan  and  Bassett, 
1902) 

Cu(C10s),    Carrara,  1903 

CuCO,     (Luther  and  Krsnjavi,  1905) 

CuCr04    (Noyes  and  Blanchard,  1901) 

Cu(NO,),  Wiedemann,  1 856;  (Chassy, 
1890) ;  Carrara,  1903 

CuPOs...Na 

CuS04     (Daniell   and   Miller,   1844) 
Hittorf,    1853,     1856;    Wiedemann 
1856;    Kirmis,    1878;    Lenz,    1882 
(Lodge,      1886);      Weber.       1889 
(Chassy,  1890);  Bein,  1892 ;  Lussana 
1893;  Sheldon  and  Downing,  1893 
(Lu6sana,     1894) ;    Gordon,     1897 
(Kiister,     1897) ;     Schrader,     1897 
Bein,     1898;      Hopfgartner,     1898 
Masson,  1898;  (Masson  and  Setele 
1899) ;  Metelka,  1901 ;  Rieger,  1901 
(Steele,  1901);  Hittorf,  1902;  Steele, 
1902;  Carrara,  1903 

CuS04.KtS04  (Daniell  and  Miller, 
1844) ;  Rieger,  1901 

CuS04  -h  NH4OH  (Donnan  and  Bas- 
sett, 1902 

Di-methyl-pyrone     (Coehn,  1902) 

Fe(C2H801),     (Whetham,  1894) 

Fe(CNS),     (Riesenfeld,  1901) 


Fe(CN)6...H-K 

FeC104.K,C,04    Rieger,  1901 

Fe(C,04),...K 

Fe^CO,),      (Luther    und    Krsnjavi, 

190S) 
FeCl,    (Pouillet,  1845);  Hittorf,  1859; 

(Whetham,  1894) 
FeCl,  +  HC1     (Donnan   and  Bassett, 

1902) 
FeFl,.3NaFl     (Peters,  1898)' 
Fehling's    solution     (Kiister,    1897); 

(Masson   and   Steele,  1899);  (Don- 
nan and  Bassett,  1902) 
FeS04    (Lussana,  1894) 
Fe,(S04),    (Daniell  and  Miller,  1844) ; 

Peters,  1898 
Fl...FeNa 
H,AuClaO      Hittorf    and    Salkowski, 

1899 
HBr     Hittorf,  1859;  Mcintosh,  1898 
H.^HjO,     (Lodge,  1886);  Schrader, 

1897;    Hoffmeister,    1898;    McBain, 

1903 
H.C,H50,    McBain,  1903 

H,.CaO,     (Oxalic     acid);   (Bourgoin, 

1870);  Bein,  1898;  Mcintosh,  1898 
Ht.C4H404  (Succinic  acid);  Bourgoin  , 

1868;  Bein,  1898 
HC1    Hittorf,    1859;   (Lodge,   1886); 

Cattaneo,  1896 ;  Des  Coudres,  1896 ; 

Hopfgartner,  1898 ;  Mcintosh,  1898 ; 

Bein,    1898,    1899 ;     Bogdan,    1 901 ; 

Noyes  and  Sammet,  1902;  Joachim, 

1906 ;  Wolff,  1906 
H,Cr04    (Charpentier,"i903) 
H4Fe(CN)6    (Porrett,  1814) 
HgBr,  +  Hg(NOs),     (Morse,  1902) 
HgCl,  +  KC1     Hittorf,  1859 
HgCl^  +  HgtNO,),     (Morse,  1902) 
Hg(CN),.2KCN    Rieger,  1901 
HgI,+  KI    Rieger,  1901 
Hgl,  +  Hg(NOs),    (Morse,  1902) 
Hg(NO,)a  +  AgCl,       HgCl,,      AgBr, 

HgBr,,      Agl,     or      Hgl,     (Morse, 

1902) 
HI     Hittorf,  1859;   Mcintosh,  1898 
HIO,     Hittorf,  1859 

NOII3Wiedeman,    1856;    Bourgoin, 

1868;  Bein,  1898;  Hoffmeister,  1898; 

Bukschnewski,  190 1 
H,Oa  +  NaOH     (Calvert,  1901) 
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HrPt040  Hittorf  and  Salkowski, 
1899;  Dittenberger  and  Dietz,  1899 

H,PtCl6    Dittenberger  and  Dietz,  1899 

H,P04    Daniell,  1840 

H,S04  Faraday,  1833 ;  Daniell,  1839, 
1840;  Wiedemann,  1856;  Hittorf, 
1859;  Bourgoin,  1868;  (Lodge, 
1886) ;  Schrader,  1897 ;  Mcintosh, 
1898;  Bcin,  1898;  Stark,  1899;  Ken- 
drick,  1900;  Tower,  1904;  Huy- 
brechts,  1906 

I...Ag-Ag.Hg-Ca-Cd-H-K-K.Cd- 
K.Hg-Li-Mg-Na-N(C,H6)4- 
S(CH,)S-Zn 

Ig«.«& 

IO....H 

K,AsO,     (Daniell  and  Miller,  1844) 

K,As04    (Daniell  and  Miller,  1844) 

KBr  Hittorf,  1856;  (Lodge,  1886); 
Bogdan,  1901 ;  Steele,  1901,  1902  ; 
Riesenfeld,  1902 ;  Denison,  1903 ; 
Dempwolff,  1904 

KBrO,    Steele,  1902 

KC,H,Oa  Hittorf,  1856;  Hittorf,  1856, 
1858 

K(C,H6)S04    Hittorf,  1859 

KCN  (Daniell  and  Miller,  1844); 
Hittorf,  1859;  Rieger,  1901 

KCN.AgCN  Hittorf,  1859;  (Noyes 
and  Blanchard,  1901) 

KCN  +  Hg(CN),    Rieger,  1901 

KCN  +  Zn(CN),    Rieger,  1901 

KCNS    (Daniell  and  Miller,  1844) 

K,CO,  Kuschel,  1881;  (Whetham, 
1892);  (Whetham,  1894);  Bein,  1898 

K,Ca04  Hittorf,  1859;  (Whetham, 
1892) ;  Aletter,  1904 

KjCjCVFeCjC^    Rieger,  1901 

KC1  Hittorf,  1856;  Weiske,  1857; 
Hittorf ,1858;  Kuschel,  1881;  (Chassy, 
1890);  Bein,  1892;  (Whetham,  1892); 
(Lussana,  1894);  DesCoudres,  1896; 
Schrader,  1897 ;  Bein,  1898 ;  Masson, 
1898;  Hopfgartner,  1898;  Bogdan, 
1 901 ;  Steele,  1901 ;  Abegg  and  Gaus, 
1902 ;  Hittorf,  1902 ;  Riesenfeld, 
1902 ;  Steele,  1902  ;  Steele  and  Deni- 
son, 1902;  Denison,  1903;  Demp- 
wolff, 1904 ;  Hertz,  1906 

KCl.AuClj     Hittorf,  1859 


KCl.HgCl,     Hittorf,  1859 
KC1.2HgCl,    Hittorf,  1859 
KCUHgCl,     Hittorf,  1859 
KCIO,     Hittorf,  1859 
KC104     Hittorf,  1859 
K,Co(CN),    Kistiakowsky,  1901 
KCo     (diamine-nitrite)       (Kremann, 

1903) 
K,Cr,0T     Hittorf,    1859;    (Whetham, 

1892,      1894) ;      Riesenfeld,     1901 ; 

(Charpentier,  1903) 

K,Cr04  (Daniell  and  Miller,  1844; 
Hittorf,  1859;  Lenz,  1882;  Masson, 
1898;  (Steele,  1901);  Steele,  1902; 
Denison,  1903 

K.CrO,     (Kremann,  1903) 

K,Fe(CN),    (Daniell  and  Miller,  1844) 

K4Fe(CN),  (Porrett,  1814)  ;  (Daniell 
and  Miller,' 1844)  ;  Hittorf,  1859; 
(Lodge,  1886) ;  Kistiakowsky,  1901 

KsFe(C,04)s  Rieger,  1901 ;  Steele,  1902 

KH,P04    Hittorf,  1859 

KT  Hittorf,  1856,  1858;  Lenz,  1882; 
(Lodge,  1886);  Schrader,  1897;  Bein, 
1898;  Rieger,  1901;  Nernst  and  Rie- 
senfeld, 1901 ;  Riesenfeld,  1902 ; 
Dempwolff,  1904 

KIB  (Steele,  1902);  Burgess  and  Chap- 
man, 1904 

KI+Hgl,    Rieger,  1901 

Kl.Cdl,    Hittorf,  1859 

KMn04  (Whetham,  1892);  Nernst, 
1897;  Bein,  1898 

KNa.C4H404     (KUster,  1897) 

KNO,  Hittorf,  1856,  1858;  (Chassy, 
1890) ;  (Nernst,  1897);  Franklin  and 
Cady,  1904 

KN08+AgNOs    Berliner,  1906 

SKjO.AIjOj^QOj-sHjO  Rosenheim, 
1896 

KjO.AljOj^CjOj^iHjO  Rosenheim, 
1896 

3K,O.Cr,08.6CjO,.6H,0  Rosenheim, 
1896 

KOH  Daniell,  1840;  Wiedemann, 
1856;  Bourgoin,  1868;  Kuschel, 
1881;  (Noyesand  Blanchard,  1901); 
Steele,  1902 

KOH-f  Co(OH),     (Tubandt,  1905) 

KjO.WOj.CjOj.HjO    Rosenheim,  1896 
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K,RuNOCl6     (Lind,  1903) 

K,S04  Daniell,  1840;  (Daniell  and 
Millet-,1844);  Hittorf,  1856;  (Chassy, 
1890),  Masson,  1898;  Noyes,  1901 ; 
Goldlust,  1906 

K,S04.A12(  S04)8  +  24H.O  (Daniell 
and  Miller,  1844) 

K8S04.CuS04  (Daniell  and  Miller, 
1844)  ;  Rieger,  1901 

K,S04.MgS04      (Daniell   and  Miller, 
1844) 

K,ZnO,     (Kremann,  1903) 

LiBr    Dempwolff,  1904 

Li.CsHsO,    Carrara,  1903 

LiCl  Kuschel,  1881 ;  Campetti,  1894; 
Des  Coudres,  1896 ;  Bein,  1898 ;  Mas- 
son,  1898;  Bein,  1899;  Goldhaber, 
1901 ;  (Steele,  1901);  Steele,  1902; 
Riesenfeld,  1902;  Denison,  1903; 
Dempwolff,  1904 

LiCIO,     Carrara,  1903 

Li,COs    Kuschel,  i8$i 

Lil    Kuschel,  1881 ;  Carrara,  1903 

LiNOs    Carrara,  1903 

LiOH     Kuschel,  1881 

Li2S04  Kuschel,  1881 ;  Masson,  1898 ; 
Aletter,  1904 

Methyl  orange     (Kremann,  1903) 

MgCl,  Hittorf,  1859;  Bein,.  1898; 
(Chassy,  1890) ;  Steele,  1902 

Mgl2     Hittorf,  1859 

Mg(NOs),     (Chassy,  1890) 

MgS04  Hittorf,  1859;  (Chassy,  1890) 
Bein,  1898;  Hopfgartner,  1898 
Masson,  1898;  Steele,  1901,  1902 
Denison,  1903  ;  Huybrechts,  1906 

MgS04.K,S04  (Daniell  and  Miller, 
1844) 

MnCl2  Pouillet,  1845;  Hittorf,  1859; 
Bein,  1898 

Mn04...K 

MOs.C203.3H,0    Rosenheim,  1S96 

2M08.2C208.(NH4)20.3H,0  Rosen- 
heim, 1896 

2MOs.C108.(NH4)jO   Rosenheim,  1896 

2M08.(NH4),0     Rosenheim,  1896 

Morphine  hydrochloride    Hittorf,  1859 

NaBr  Bein,  1898;  Bogdan,  1901 ; 
Oppenheimer,  1901  ;  Steele,  1901, 
1902 ;  Denison,  1903 


NaCHsO    Dempwolff,  1904 

NaCjH8Oa  Hittorf,  1859;  (Chassy, 
1890);  (Whetham,  1S94);  (Steele, 
1901) ;  Abegg  and  Gaus,  1902 

NaCl  (Daniell  and  Miller,  1844); 
Wiedemann,  1856;  Weiske,  1857; 
Hittorf,  1859;  (Lodge,  1886) ; 
(Chassy,  1890);  Bein,  1892;  (Lus- 
sana,  1894) ;  (Whetham,  1895) ; 
Cattaneo,  1896;  Des  Coudres,  1896; 
Bein,  1898;  Hopfgartner,  1898; 
Masson,  1898;  Bein,  1899;  Bogdan, 
1901 ;  Steele,  1901,  1902;  Abegg  and 
Gaus,  1902 ;  Denison,  1903 ;  Frank- 
lin and  Cady,  1904;  Eisenstein, 
1906;  Schulz,  1906 

Na,CO,  (Daniell  and  Miller,  1844); 
Kuschel,  1881;  (Whetham,  1895); 
Bein,  1898 

Na.CoPOs    (Kremann,  1903) 

Na.CuPO,    (Kremann,  1903) 

3NaFl  4-  FeFl,     ( Peters,  1898) 

Na,HP04    Hittorf,  1859 

NaH,P04  (Daniell  and  Miller,  1844); 
Hittorf,  1859 

Nal     Hittorf,  1859  *»  Dempwolff,  1904 

NaK.C4H404     (Kiister,  1897) 

Na.NiPO,     (Kremann,  1903) 

NaNO,  Hittorf,  1859 ;  ( Chassy,  1890) ; 
(Whetham,  1895);  Bein,  1898;  Frank- 
lin and  Cady,  1904 

NaOH  Wiedemann,  1856;  Kuschel, 
1881 ;  (Lodge,  1886) ;   Bein,  1898 

Na,PtCl,     Hittorf,  1859 

Na4PfOT    Hittorf,  1859 

NaPOs    Hittorf,  1859;   Wiesler,  1901 

Na,P04     Hittorf,  1859 

Na,S04  Hittorf,  1859  ;  ( Lodge,  1886); 
(Chassy,  1890)  ;  (Whetham,  1895); 
Masson,  1898;  Goldlust,  1906 

Na,SOs     (Daniell  and  Miller,  1844) 

Na,S,06     (Daniell  and  Miller,  1844) 

Na,  UO,  salts,  see  UO, 

NaW04     (Daniell  and  Miller,  1844) 

N(C1H6)4.I     Carrara,  1903 

NH4C1  (Daniell  and  Miller,  1844)  ; 
Hittorf,  1856;  (Whetham,  1892); 
Cattaneo,  1896;  Bein,  1898;  Masson, 
1898;  Hertz,  1906;  Schultz,  1906 

(NH4)tC,04   (Daniell and  Miller,i844) 
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lNH4NOs    Franklin  and  Cady,  1904 

(NH4),0.2C,0,.2MOs.3H,0  Rosen- 
heim, 1896 

NH4OH    Bein,  1898 

(NH4),0.2MO,    Rosenheim,  1896 

(NHJjO^MOj.C/),  Rosenheim,  1896 

(NH4),S04     (Lodge,  1886) 

(NH4),S04.NiS04      Pfanhauser,   1901 

3(NH4)tO.V,06.4C10,.4H,0  Rosen- 
heim, 1896 

Ni(NO,)2  (Chassy,  1890);  Lussana, 
1894 

NiPO,...Na 

NiS04  (Chassy,  1890);  (Lussana, 
1894);  Pfanhauser,  1901 

NiS04.(NH4),S04     Pfanhauser,    1901 

NO,...Ba-KCoNH8 

NO,  ...  Ag  -  Ag8I  - Ba-  Ca - Cd  -  Co- 
Co.NH8-Cu-H-Hg-K-Li-Mg- 
Na-NaUO,-NH4-Ni-Pb-UOf-Zn 

NOCl6...RuK8 

OH  ...  Ba-Ca-C,H5NO,-K-K.Co  -  Li- 
Na-NH4-Sr 

Pb(N08),  (Chassy,i890);  (Whetham, 
1892);  Lussana,  1893 

P04...H-KH,-Na-NaH,-Na1H 

P08...Hs-Na-Naj 

P207...Na4 

PtCle.-.Hj-Na, 

PtCl4O.H,  Dittenberger  and  Dietz, 
1899;  Hittorf  and  Salkowskl,  1899 

Pyrone  (di-methyl)     (Coehn,  1902) 

RbCl     Bein,  1898 

RuK,NOCl6     (Lind,  1903) 

S(CH8)8.I     Carrara,  1903 

SrCl,  Weiske,  1857;  (Lodge,  1886); 
Bein,  1898;  Steele,  1902;  Denison, 
1903 

Seignette  salt     (Kttster,  1897) 


SiFl,...Ag 

SnCl4  Hittorf,  1859;  Dittenberger 
and  Dietz,  1899 

SO,  ...  Ag(C,H,)  -  Ag(Cl0HT)  - 
Ag(C9Hn)-Na, 

S04...Ag-Ag(  C2H6)-Al-A1.K-Ca-Cd- 
Co .  NH,  -  Cr-Cu-Fe-H-K-KCjH,  - 
K  .  Cu-K.Mg-Li-Mg-NH4-NH4Ni- 
Na-Ni-Tl-UO,-Zn 

S,Oe...Ag-Na 

Sr(OH),     Daniell,  1840 

Strychnine  hydrochloride  Hittorf,  1859 

T1C1    Bein,  1898 

T1,S04    Bein,  1898 

U02  (acetate,  chloride,  citrate,  glyco- 
late,  lactate,  nitrate,  oxalate,  propio- 
nate, salicylate,  sulphate,  tartrate) 
with  and  without  the  sodium  6alts 
(Kremann,  1903) 

UO,Cl,     Hittorf,  1859 

UOrCO,    (Luther  undKrsnjavi,  1905) 

V,053(  NH4  ),0.4C,08.4H10  Rosen- 
heim, 1896 

W04-Na 

WO,.C,0,.K,O.H,0    Rosenheim,  1896 

Zn  acetate     (Chassy,  1890) 

ZnBr,    KUmmell,  1898 

ZnCl,  Moser,  1855;  Hittorf,  1859; 
(Chassy,  1890);  KUmmell,  1898; 
Hittorf,  1902 
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All  the  references  here  given  are  also  to  be  found  in  the  general  chemical  and 
authors*  indexes.  There  is  only  one  paper  on  migration  measurements  of  mix- 
tures of  fused  electro  lyes  —  Lorenz  and  Fausti,  Zeit.  f.  Elektrochem.  /o,  630 
(1904),  it  is  not  reviewed  in  the  present  abstracts;  the  migrations  in  mixtures 
of  KC1,  NaCl  and  PbCl,  were  investigated. 


Acetonitrile. 

Schlundt,  1902  —  AgNOj 
Amy  I  Alcohol. 

Hittorf,  1859  — Cdl2 

Cattaneo,  1896  — IIC1 
Ethyl  Alcohol. 

Hittorf,     1853  — AgNO,;    1859- 
Cdlr   ZnCla,  Znl2 
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THE  ESTIMATION  OF  BORIC  ACID  AND 
BORATES    IN    FOODSTUFFS    AND    COMMERCIAL 

PRODUCTS. 

BT  R.   J.   MANNINQ  AND  W.   B.  LANG. 

In  a  previous  paper  (Manning  and  Lang ;  this  J.,  1906, 
397),  a  new  method  of  estimating  boric  aeid  was  described, 
which  was  found  to  give  results  in  some  cases  to  within 
0*06%  of  the  theoretical.  Since  the  completion  of  this 
work  the  method  has  been  used  in  the  University  Labora- 
tory of  Applied  Chemistry  and  pronounced  satisfactory. 
Its  application  to  the  determination  of  borates  in  such 
articles  as  milk,  common  salt,  etc.,  is  the  object  of  this 
present  paper,  these  substances  being  found  to  contain 
small  quantities  of  boric  acid  in  some  form  or  other. 

The  results  of  this  investigation  are  now  given  arranged 
as  follows: — 

(1)  Two  methods  for  the  determination  of  borates  in 
milk. 

(2)  Two  methods  for  their  determination  in  common 
methylated  spirits. 

(3)  Two  methods  for  their  determination  in  commercial 
common  salt. 

—  •  • 

Estimation  of  Bobic  Acid  in  Milk. 

Method  I. — Distillation  and  precipitation  as  barium 
borate. — This  method  is  almost  exactly  similar  to  that 
previously  published  (loc  cii.),  only,  of  course,  adapted 
to  the  needs  of  the  case.  The  first  precaution  necessary 
was  to  obtain  milk  absolutely  free  from  boric  acid  and 
borates.  About  300  c.c.  of  pure  milk  was  introduced 
into  a  distilling  flask  and  some  boric  acid  dissolved  in  it, 
or  else  it  was  introduced  in  the  alcohol,  of  which  400  c.c. 
were  at  first  taken.  Additions  of  more  alcohol  were  made 
from  time  to  time  to  ensure  the  complete  distillation 
of  the  tri-ethyl  or  tri-methyl  borate.  It  was  now  found 
that  no  matter  how  much  boric  acid  was  introduced  in 
the  milk  that  no  precipitate  whatever  of  barium  borate 
was  formed.  In  order  to  have  the  tri-methyl  borate 
formed  the  introduction  of  sulphuric  acid  was  necessary. 
A  long  series  of  experiments  were  therefore  undertaken 
to  determine  what  amount  of  sulphuric  acid  was  necessary 
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with  300  c.o.  of  milk,  as  a  result  of  which  it  was  found 
that  at  least  70  o.c.  of  concentrated  sulphuric  acid  are 
necessary ;  the  large  amount  of  water  in  the  milk 
decomposes  the  tri-methyl  compound  into  boric  acid 
and  alcohol.  In  this  case  the  boric  acid  will  distil  over 
only  at  a  very  high  temperature.  The  sulphuric  acid 
appears  to  prevent  this  decomposition.  After  distilling 
for  half  an  hour,  the  distillate  was  treated  with  a  few 
drops  of  a  concentrated  solution  of  barium  chloride. 
At  this  stage  a  slight  precipitate  sometimes  occurred. 
The  fats  in  the  milk  contain  three  esters,  those  of  palmitic, 
stearic,  and  oleic  acids.  These  all  form  compounds  with 
barium  chloride  which  are  insoluble  in  water  and  in  cold 
dilute  hydrochloric  acid.  It  was  found  that  if  the  tem- 
perature in  the  distilling  flask  rose  about  80°  C,  a  small 
portion  of  these  (probably  oleic  acid)  was  carried  oyer. 
Therefore,  on  the  addition  of  barium  chloride,  a  flooculent 
precipitate  of  barium  oleate  appeared.  This  had  to  be 
removed  by  filtration  before  the  experiment  could  be 
proceeded  with.  The  distillate  was  now  titrated  against 
a  freshly  prepared  concentrated  sodium  hydroxide 
solution,  prepared,  as  before  described,  by  dissolving 
newly  cut  pieces  of  sodium  in  water  in  a  silver  dish ; 
phenolphthalein  was  used  as  indicator.  Care  had  to 
be  taken  to  guard  against  overstepping  the  neutral 
point,  as  the  excess  of  the  alkali  united  with  the  barium 
chloiide  to  form  the  hydroxide.  The  precipitate  of 
barium  borate  was  now  filtered  off  on  a  tared  filter  paper, 
washed  carefully  with  alcohol,  dried  at  110°C,  and 
weighed. 

First  of  all  a  test  series  was  made  in  order  to  see  how' 
small  a  quantity  of  boric  acid  would,  on  neutralisation 
of  the  distillate,  give  a  precipitate  distinctly  seen  by 
the  naked  eye.  To  this  end,  60,  40,  90,  20,  10  parts 
boric  acid  were  introduced  into  10,000  parts  of  milk. 
The  precipitate  of  60  parts  boric  acid  in  10,000  parts  milk 
was  quite  heavy,  the  40  less  so.  In  this  manner  agrada- 
tion  was  obtajned  until  when  10  parts  in  10,000  was 
reached  only  a  faint  milkiness  was  obtained.  This  last 
was  repeated  several  times  with  precisely  the  same  result. 
Below  this  point  traces  of  precipitate  became  untrust- 
worthy, especially  as  a  trace  of  boron  compounds  could 
be  obtained  from  impure  methylated  spirits.  This, 
however,  will  be  dealt  with  later. 

The  results  obtained  from  weighed  precipitates  were :— 


Boric  acid 

introduced. 

Barium  borate. 

Yield. 

grms. 

enrols. 
2*6890 

Per  cent. 

1*60 

00*6 

1*60 

2*0880 

00*8 

0*50 

0*8041 

00*26 

0*16 

0*2040 

08*0 

0*12 

0*1070 

01*1 

0-00 

0*1414 

87*2 

0*06 

0*0870 

81*8 

0*03 

0*0840 

03*83 
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Method  II.— Distillation  and  titration,— Instead  of  pre- 
cipitating the  bono  acid  from  the  distillate  as  in  Method  I., 
the  distillate  was  dilated  with  water  up  to  one  litre. 
Portions  ef  100  e.e.  were  neutralized  with  A/ 10  potassium 
hydroxide  in  presence  of  phenolphthalein.  About  90  c.c. 
of  glycerin  were  then  added,  and  the  titration  continued 
until  a  permanent  shade  of  pink  was  obtained. 


Boric  add  Introduced. 

Yield. 

grins. 

Per  cent. 

1*60 

00-0 

1*60 

00-6 

0-60 

09*47 

0-16 

08*48 

0-12 

02*1 

0-00 

88*7 

0-00 

88-0 

0K» 

00*2 

Method  III. — The  milk  was  first  evaporated  and  after- 
wards charred.  The  charred  mass  was  then  treated 
with  water  and  titrated  in  the  presence  of  glycerin  against 
potash,  using  phenolphthalein  as  indicator.  The  method 
is  not  yet  complete  and  the  results  are  temporarily 
withheld. 

Estimation  of  Bobatbs  nr  Mbthylatid  Spirits. 

Method  I.— By  distillation  and  precipitation.— The 
method  was  exactly  similar  to  that  used  in  the  case  of 
milk ;  900  c.c.  of  methylated  spirits  and  25  c.c.  of  con- 
centrated sulphuric  acid  were  distilled  until  the  tem- 
perature rose  to  76°,  when  the  boron  compound  was 
precipitated  by  barium  chloride  and  weighed  as  before. 
One  litre  of  methylated  spirits  was  found  to  contain 
0*0189  grm.  boric  acid  as  a  borate  of  some  sort. 

Method  II.— By  distillation  and  titration.— Owing  to  the 
exceedingly  small  amounts  of  boric  acid  in  the  alcohol 
it  was  very  difficult  to  obtain  results  that  agreed.  The 
large  distillate  was  diluted  to  a  known  volume  (500  c.c. 
usually),  and  portions  of  100  c.c.  taken  out  at  a  time  and 
titrated  against  N/10  potassium  hydroxide  with  90  c.c. 
glycerin  and  a  few  drops  of  phenolphthalein.  One  litre 
of  methylated  spirits  was  found  to  contain  0*0160  grm. 
boric  acid. 


Estimation  of  Bobatbs  m  Salt. 


Method  I.  — By  Distillation  and  Precipitation. — A  weighed 
amount  of  common  packing  salt  (preferably  about  5  grms. ) 
were  dissolved  in  the  necessary  amount  of  concentrated 
sulphuric  acid.  This  salt  solution  was  now  introduced 
with  900  c.c.  of  methylated  spirit  into  a  distilling  flask. 
From  this  point  on,  the  experiments  were  exactly  similar 
to  the  previous  ones,     from  the  estimations  it  was  found 
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that  100  grms.  salt  contain  0-88  grm.  of  boric  acid  as  a 
bor  te 

Method  II.— By  Distillation  and  Titration.— -Instead  of 
precipitating  the  boric  acid  as  barium  borate,  it  was 
titrated  against  N/\0  potassium  hydroxide  in  the  usual 
manner.  100  grms.  of  packing  salt  were  found  to  contain 
0*874  grm.  of  boric  acid  as  a  borate. 


*    #   * 


A  NEW  TYPE  OF  CATALYSIS.     THE  ACCELERATION 

BY  CHROMIC  ACID  OF  THE  REACTION  BETWEEN 

BROMIC  AND  HYDRIODIC  ACIDS 


BY   ROBERT   H.    CLARK 

The  catalytic  action  of  chromic  acid  on  the  rate  of  oxida- 
tion of  hydrogen  iodide  by  bromic  acid  was  discovered  by 
Ostwald  in  the  course  of  his  "Studien  zur  chemischen 
Dynamik;"1  and  when  my  own  work  had  cleared  up  the 
kinetics  of  the  reaction  in  question,2  I  entered  on  a  detailed 
investigation  of  this  case  of  catalysis,  which  has  yielded  some 
very  remarkable  results. 

The  method  of  carrying  out  the  measurements,  the  stock 
solutions,  and  the  units  employed  in  recording  the  results, 
are  all  as  described  in  my  previous  paper,  with  the  addition 
of  a  solution  of  potassium  bichromate,  0.1667-F,  and  another 
0.00 1 25 1 -F,  which  were  standardized  against  the  acid  by  means 
of  a  solution  of  caustic  potash  and  phenolphthalein.  In  the 
tables  the  number  of  cubic  centimeters  of  0.00125-F  bichro- 
mate8 is  given  under  Cr. 

As  in  the  reaction  between  bromic  and  hydriodic  acids, 
the  presence  of  air  had  no  material  effect  on  the  results  of  the 
measurements;  and  small  quantities  of  iodine,  such  as  are 
liberated  during  the  reaction,  exerted  little  or  no  effect  on  the 
rates. 

Effect  of  the  Bichromate  on  the  Rate 

The  fact  that  the  increased  liberation  of  iodine  in  presence 
of  chromic  acid  is  not  accompanied  by  a  proportional  reduc- 
tion of  the  latter  was  observed  by  Ostwald,  who  found  also 
that  the  increase  in  rate  is  proportional  to  the  concentration 
of  the  chromic  acid.  Both  these  conclusions  are  supported 
by   the   measurements   of  Table   I.     In   the   first   place,   the 

1  Zeit.  phys.  Chem.,  2,  138  (1888). 

aJour.  Phys.  Chem.,  10,  679  (1906). 

:l  0.00125  gram-formula-weights  KXr20:  per  liter. 
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Table  I 
KBrO,.  20.5;  KI,  98.67;  HC1.  95.15;  Vol.,  250CC;  Temp.,  3o°C. 


1 

Cr 

X 

X' 

Ro 

Ac/Cr 

/ 

Cr 

X    1  x' 

!  Ro 

Ac/Cr 

5 

0 

0.19 

O.I0 

0.038 

— 

IO 

O 

0.38  0.385 

0.038 

—— 

5 

2 

o.35 

0.354 

0.071 

O.OI7 

IO 

2 

0.70  0.71 

0.071 

O.OI6 

5 

4 

0.50 

0.505 

0.10 

0.015 

IO 

1 

4 

0.95  0.97 

0.097 

0.015 

5 

6 

0.65 

O.659 

0.13 

O.O15 

IO 

6 

1.25  1.28 

0.13 

O.OI5 

5 

10 

0.97 

O.98 

0.20 

O.016 

IO 

10 

1.92  1.99 

0.20 

O.OI6 

5 

12 

1. 17 

I.20 

0.24  ; 

O.OI7 

ID 

12 

2.30  2.40 

0.24 

O.OI7 

5 

14 

1.29 

1-33 

0.27  ■ 

O.OI6 

IO 

H 

2.55  2.67 

0.27 

O.OI8 

5 

16 

1.48 

1.52 

0.30  , 

0.016 

IO 

16 

2.90  3.14 

0.31 

0.017 

5 

18 

1.64 

1.70 

0.34  ! 

O.O17 

IO 

18 

3-22  3-39 

o.34 

0.016 

5! 

20 

1.83 

1.89 

0.38  , 

0.017 

IO 

20 

3-55  3.77 

0.38 

O.OI7 

values  of  x1 'for  /=  10  are  just  double  those  for  /=  5,  there- 
fore no  perceptible  diminution  in  the  concentration  of  the 
bichromate  (reduction)  can  have  occurred  in  the  interval. 
In  the  second,  the  rate  of  liberation  of  iodine  (R0)  is  not 
proportional  to  the  concentration  of  bichromate,  but  the 
acceleration: 

Ac=R0  —  R0{Cr=6) 

is;  this  is  shown  by  the  constancy  of  the  quotient  Ac/Cp,  and 
graphically  in  Fig   1.     The  experiments  of  Table  II,  more- 
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Table  II 
KBrOs.  20.5;  KI,  9867;  HC1,  95.15;  Cr,  2.0;  Vol.,  2500c; 

Temp.,  3o°C. 


/ 

X 

x' 

Ro 

240 

300 

l3'9S^   1407.  average  14.01 
16.33.  16.33,   "    16.33 

24.65  -  19.83  =  Q>o8o 

19.83 
24.65 

0.083 
0.082 

300  —  240 

over,  show  that  even  after  the  reaction  had  proceeded  for 
four  hours  during  which  the  additional  iodine  liberated  be- 
cause of  the  presence  of  the  bichromate  was  oxidimetrically 
equivalent  to  56  percent  of  the  latter,  there  was  no  diminution 
in  the  rate  of  liberation  of  iodine  except  that  due  to  the  fall 
in  the  concentrations  of  the  bromate,  iodide  and  acid,  which 
was  allowed  for  in  computing  RQ. 

Effect  of  the  Concentrations  of  Bromate,  Iodide  and 

Acid  on  the  Rate 
Svstematic  measurements  were  undertaken  to  ascertain 
the  effect  of  changes  in  the  concentration  of  each  of  the  re- 
agents in  turn,  on  the  rate  of  liberation  of  iodine.     The  results, 
which  are  contained  in  Tables  III-VI,  show  that  the  rate  is 

Table  III 
KBrOs,  20.5;  KI,  98.67;  HC1,  95.15;  Vol.,  2500c;   Temp.,  3o°C; 

'=5 


Cr 

X 

x' 

Ro 

Cr 

X 

x' 

Ro 

O 

0.19 

0.19 

0.038 

18 

1.64 

1.70 

0.34 

I 

0.25 

0.253 

0.05 

20 

1.83 

1.89 

0.38 

2 

o.35 

0.354 

0.07 

30 

2.70 

2.83 

057 

3 

0.40 

0.404 

0.08 

40 

3-50 

3.71 

0.74 

4 

0.50 

0.505 

O.IO 

50 

4-35 

4.69 

0.94 

6 

0.65 

0.659 

0.13 

60 

5.25 

5.74 

1.15 

8 

0.81 

0.82 

0.16 

70 

6.07 

6.73 

i-35 

10 

0.97 

0.98 

0.20 

80 

6.95 

7.82 

1.56 

12 

1. 17 

1.20 

0.24 

90 

7.65 

8.71 

1.74 

14 

1.29 

1.33 

0.27 

IOO 

8.35 

9.73 

1.95 

16 

1.48 

1.52 

0.30 
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Table  IV 
KBrO,,  20.5  X/;  KI,  98.67;  HC1,  95.15;  Vol.,  250  cc;  Temp.,  3o°C 

/  x         i        x'        '        Ro 


/ 

Cr 

5 

IO 

5 

12 

5 

14 

5 

16 

5 

18 

5 

20 

5 

6 

5 

IO 

5 

H 

10 

18 

10 

1            20 

2 
2 
2 
2 
2 
2 

3 
3 

3 

2 

2 


2.00 

2.07 

0.41 

2.33 

2.42 

0.48 

2.60 

2.71 

o.54 

2-95 

310 

0.62 

3-27 

3-45 

0.69 

3-57 

3.78 

0.76 

2.01 

2.02 

0.40 

2.87 

3-oi 

0.60 

3-82 

4.06 

0.81 

6.30 

7.01 

0.70 

6.80 

7.61 

0.76 

Table  V 
KBrO,,  20.5;  KI,  98.67  X/;  HC1,  95.15;  Vol.,  2500c;  Temp.,  3o°C 


Cr 


/ 


5 

10 

2 

2.00 

2.07 

0.41 

5 

12 

2 

2.32 

2.41 

0.48 

5 

14 

2 

2.58 

2.68 

o.54 

1 
5 

16 

2 

2.94 

3-o6 

0.61 

5 

18 

2 

3.24 

3-40 

0.68 

5 

20 

2 

3.58 

3-77 

0.76 

5 

6 

3 

2.00 

2.01 

0.40 

5 

10 

3 

2.87 

2.99 

0.60 

5 

14 

3 

3- 80 

4.00 

* 

0.80 

10 

16 

2 

5- 70 

6.23 

0.62 

10 

18 

2 

6.30 

693 

0.69 

10 

20 

2 

6.79 

7o2 

o.75 
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Table  VI 
KBrOs,  20.5;  KI,  98.67;  HC1,  95.15  X  2;  Vol.,  2500c;  Temp.,  3o°C; 

>=5 


Cr 

1 

X 

t 

x' 

1st  appz.   2nd  appz. 

Ro 

O 

O.90 

O.91 

2.00       2.00 

0.18 

2 

1. 17 

1. 19 

I.72       1 

'•73 

0.24 

4 

1.48 

1.51 

I.58       1 

[.58 

0.30 

6 

1   1.86 

1.91 

1.52       1 

i-53 

0.38 

8 

2.22 

2  30 

1.45       1 

[.49 

0.46 

10 

2.58 

2.68 

1. 41       ] 

[.44 

o.54 

12 

2.97 

3.10 

1.35       3 

'•37 

0.62 

H 

3-27 

3.42 

1  34      1 

[.36 

0.68 

16 

3.61 

3.83 

1.29      1 

1.32 

0.77 

18 

3.96 

4.21 

1.27      i 

[.30 

0.84 

20 

430 

4.60 

1.23      1 

[.28 

0.92 

30 

6.05 

6.63 

1. lb      1 

[.22 

1.33 

40 

7.44 

8.32 

1.09      1 

i-i3 

1.66 

50 

9.00 

10.30 

1.03      : 

[.12 

2.06 

60 

10.30 

12.04 

0.97      ] 

f.07 

2.41 

7o 

n.50 

14.17 

093      1 

t.05 

2.83 

80 

12.95 

15.71 

0.90      ] 

[.01 

3.H 

90 

14.19 

17.63 

0.89      1 

I.OI 

3.53 

100 

15.22 

19.24 

0.87      c 

X96 

3.85 

proportional  to  the  concentration  of  the  bromate  and  to  that 
of  the  iodide  (the  same  as  in  absence  of  chromate);  but  that 
the  effect  produced  by  changing  the  concentration  of  the  acid 
depends  on  the  amount  of  bichromate  present. 

The  experiments  of  Table  III  serve  as  standard  for  com- 
parison, while  in  the  other  three  the  concentrations  of  bromate, 
iodide  and  acid  respectively  were  multiplied  by  the  variable 
factor  /.     Under  RQ  in  the  last  column  is  entered  the  "  initial 

rate" 

R0  =  dx\dt(x  —  o)  =  xfji 

that  is,  the  number  of  cubic  centimeters  of  hundredth-normal 
iodine  liberated  per  minute  in  a  solution  of  the  composition 
indicated  at  the  head  of  the  table. 

Method  of  computing  xf  and  n 
The  general  differential  equation  connecting  the  rate  of 
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liberation  of  iodine  with  the  concentrations  of  the  reagents 
mav  therefore  be  written: 

dxdt  =  K(A  —  x){B  —  x){C—  *"*■(/  -  Af.Cr)  (i) 

where  A,  B  and  C  are  the  concentrations  of  the  bromaie, 
iodide  and  acid  respectively,  and  n  depends  on  the  concentra- 
tion of  the  bichromate;  K  and  M  are  constants. 

By  comparing  the  iodine  readings  (x)  from  Tables  III 
and  VI,  in  the  latter  of  which  the  concentration  of  the  acid 
was  double  that  in  the  former,  a  first  approximation  to  the 
valuers  of  n  was  obtained: 


nfirtt  appro*.  =  *  «(  ™*  V'\ \~  "*  *  <  ™  '" -> 

log  2 


{2) 


The  values  so  computed  are  entered  in  Table  VI  under 
"n  first  approx."  These  approximate  values  were  then 
introduced  into  Equation  d),  which  was  integrated  by  series, 
and  used  to  obtain  a  first  approximation  to  the  values  of 
x1  for  Table  VI. 
x*  =  KABC"1(f  +  AfCr)  =  x+  {i  2A  -  /  2B  -  n^Qx7  + 

fjA*  —  1 3B1  -n*  -n6C~-  /jAB-njAC-  tijBQx*  (3) 

A  second  approximation  to  the  true  value  of  n  was  then 
made,  using  x'  (Equation  3)  in  place  of  x  in  Equation  (2); 
the  numbers  so  obtained  are  entered  under  "«  second  approx" 
in  Table  VI.     Fig.   2  shows  these  values  of  n  plotted  as  a 
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function  of  Cr.  When  Cr  «  o,  the  rate  is  proportional  to  the 
second  power  of  the  concentration  of  the  acid;  on  addition  of 
potassium  bichromate  the  power  diminishes  until  Cr  =  80, 
when  the  rate  is  proportional  to  the  first  power  of  the  con- 
centration of  the  acid,  and  the  curve  (Fig.  2)  becomes  a 
straight  line. 

In  Ostwald's  "Lehrbuch  der  Allgemeinen  Chemie"  II 
(2),  p  262,  that  author  says:  "So  long  as  the  catalyser  is  neither 
altered,  formed,  nor  destroyed  by  the  reagents  or  products 
of  the  reaction,  its  influence  is  exerted  only  on  the  value  of 
the  velocity  constant,  and  not  on  the  character  of  the  kinetic 
equation."    The  present  case  is  evidently  an  exception. 

Interpretation  of  the  Results 
These  results  may  be  expressed  by  assuming  that: 
(t)  In    solutions    containing    bromate,  bichromate    acid 
and   iodide,   two  reactions  take  place  simultaneously,  both 
resulting  in  the  liberation  of  iodine. 

(tt)  The  rate  of  the  first  reaction  is  proportional  to  the 
concentrations  of  the  bromate,  and  iodide  and  to  the  square 
of  that  of  the  acid ;  while  that  of  the  second  is  proportional 
to  the  concentrations  of  bromate,  iodide  and  acid,  and  slightly 
less  than  proportional  to  that  of  the  bichromate. 

(tit)  The  second  reaction  takes  place  without  proportional 
reduction  of  the  bichromate. 

The  corresponding  kinetic  differential  equations  are: 

H>xldt^Ki(A—x)(B  —  x)(C—x)\  and 
*x\dt  =  K,(A  —  x)(B  —  x)(C—x)Cr 

and  the  rate  at  which  iodine  is  liberated  in  the  solution: 


dx\<H=(A  —  x){B—x){C—c){KxC—x+K%Cr)  (4) 

The  values  of  the  two  constants  in  this  equation  were 
calculated  from  the  two  experiments  of  Table  VI  in  which 
Cr  =  o  and  Cr  =  100  respectively;  they  are,  K1  =  645  X  io-'2 
and  K2  =  333  X  io-,°.  The  change  of  n  with  the  concen- 
tration of  the  bichromate  (Table  VI  and  Fig.  2)  is  in  quan- 
titative accord  with  these  assumptions,  as  may  be  seen  by 
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comparing  the  values  of  "n  second  approx"  in  Table  VI  with 
those  calculated  from  the  equation:1 

„„/,  =  'og^KlC  +  K,Cr)-log(K%C  +  KtCr) 

log  2  ^  XO/ 

Temperature  Coefficient 
In  order  to  find  the  temperature  coefficients  of  the  rates 
involved,  I  repeated  the  experiments  of  Table  IV  at  zero. 
(See  Table  VII.) 

Table  VII 


.... 

■  -  -  •"-■■-- 

•  -  ■ 

Cr 

»,  2d  appx. 

n  calc. 

Cr 

«,  2d  appx. 

n  calc 

O 

2.00 

2.00 

20 

I.28 

I.26 

2 

1-73 

1.75 

30 

1.22 

1. 19 

4 

1.58 

1.62 

40 

'•13 

1. 12 

6 

1-53 

i-53 

50 

1. 12 

I.I  f 

8 

1.49 

M7 

60 

I.07 

I. IO 

10 

1.44 

1.41 

70 

I.05 

I.09 

12 

1.37 

i-37 

80 

I.OI 

I.07 

14 

1.36 

i-34 

90 

I.OI 

1.06 

16 

1-32 

1.30 

IOO 

O.96 

I.04 

18 

1-30 

1.28 

Under  "coeff"  is  entered  the  temperature  coefficient, 
that  is  the  cube  root  of  the  ratio  of  the  two  rates  RQ  at  300 
and  at  o°.  The  coefficient  varies  with  the  amount  of  bichro- 
mate present,  as  is  shown  graphically  in  Fig.  3;  the  similarity 
between  this  curve  and  that  of  Fig.  2  furnishes  another  argu- 
ment in  support  of  the  assumption  of  two  simultaneous  re- 
actions. The  coefficient  falls  off  gradually  as  the  quantity 
of  bichromate  increases  until  Cr  =  60,  when  it  becomes 
constant  at  1.19;  this  may  be  taken  as  the  temperature  coeffi- 

1  In  Table  VI  the  concentration  of  the  acid  was  twice  that  in  Table  III  ; 
hence,  comparing  values  of  R0  from  experiments  in  which  the  concentration  of 
bichromate  was  the  same, 

u    ^       ♦•       ,    n         Ro(  Table  VI) 

by  Equation  ( 1 )  Ro{Tabte Fii)=  *" 

.     ~       #.       ,,*         R0  {Table  VI)      2{2KxC+k\Cr) 
by  Equation  (4)  R^aWe  III)  =      A',C  +  Sfcr 

Equation  5  is  obtained  by  equating  these  two  expressions  and  taking  the  loga- 
rithms ;  C  refers  to  the  acid  of  Table  III. 
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cient  of  the  second  reaction  of  page  359,  while  that  of  the 
first  is  1.85. 

Table  VIII 
KBr03,  20.5;  KI,  98.67;  HC1,  190.3;  Vol.,  2500c;  Temp.,  o°C; 

>  =  5 


Cr 


Coeff. 


0 

— 

— 

—                    1 

.851 

4 

i         0.30 

0.30 

0.06        !       1 

.71 

6 

0.63 

0.63 

0.13         !        1 

•43 

8 

0.85 

0.87 

0.17                1 

.40 

10 

1.05 

1.07 

0.21                 1 

•37 

12 

1.25 

1.27 

0.25                1 

•35 

14 

1.42 

1.45 

0.29                1 

•33 

16 

1.76 

1.80 

0.36                1 

.29 

18 

1.91 

1.95 

0.39                1 

.29 

20 

2.10 

2.16 

0.43                1 

.28 

30 

3-29 

3-45 

0.69                1 

.24 

40 

4-45 

4.75 

0.95                1 

.21 

5o 

5-45 

5.91 

1. 18                1 

.20 

60 

6.45 

7.09 

1.42                1 

.19 

7o 

7-25 

8.08 

1.62                1 

•  19 

80 

8.15 

9.18 

1.84                1 

.19 

90 

9.00 

10.28 

2.06                1 

.19 

00 

9.72 

11.24 

2.25                1 

.19 
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Chromic  Acid  and  the  Analogous  Reactions 

The  difficulty  of  inventing  any  hypothetical  mechanism 
to  explain  the  part  played  by  the  bichromate  is  enhanced  by 
the  circumstance  that  this  case  stands  alone.  Mr.  Dtishman1 
has  shown  that  potassium  bichromate  is  without  action  on  the 
rate  qi  the  reaction  between  iodic  and  hydriodic  acids;  and  by 
means  of  a  few  measurements  I  have  ascertained  that  the 
rates  of  the  reactions  between 

Iodic  and  hydrobromic  acids 

Bromic  and  hydrobromic  acids 

Chloric  and  hydrobromic  acids     and 

Chloric  and  hydriodic  acids 

are  likewise  uninfluenced  by  the  presence  of  potassium  bi- 
chromate. 

Summary 

(1)  Addition  of  potassium  bichromate  to  a  solution 
containing  bromic  and  hydriodic  acids  brings  a  new  reaction 
into  operation,  which  consists  in  the  liberation  of  iodine  at  a 
rate  proportional  to  the  concentrations  of  the  bromate,  iodide  „ 
bichromate  and  acid,  without  reduction  of  the  bichromate. 
The  normal  reaction,  whose  rate  is  proportional  to  the  con- 
centration of  the  bromate  and  iodide  and  to  the  square  of 

that  of  the  acid,  goes  on  unaffected  by  the  presence  of  the 
bichromate. 

(2)  The  processes  of  oxidation  of  hydriodic  and  hydro- 
bromic acids  by  the  oxyacids  of  the  halogens,  other  than  that 
of  hydriodic  by  bromic  acid,  are  not  affected  by  the  presence 
of  potassium  bichromate.  Although  in  other  respects  the 
members  of  this  group  of  reactions  resemble  one  another 
closely  from  the  kinetic  point  of  view  as  well  as  from  that  of 
pure  chemistry,  the  analogy  fails  at  this  point. 

In  both  respects  this  case  of  catalysis  is  unique. 

I  desire  to  express  my  thanks  to  Prof.  W.  Lash  Miller, 
under  whose  direction  these  measurements  were  carried  out 
in  the  winter  of  1904-5. 

1  Jour.  Phys.  Chem.,  8,  453  ( 1904 >. 
'/Tie  University  of  Toronto 
February %  /907 


